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I. Oil a Method of inereasing certain Effects of Induced EhC' 
tricUy. By W. R« Qboye, Etq.^ 

IN the course of last year I obseryed that, connecting the 
eoatiiM of a Leyden phial with the extremities of the secon- 
dary coil ufRnhmkorars apparatus, a great increase in the bril-* 
lianeyoftbe discharge conla be obtained. Circomstances diverted 
my attention from it at the time, and I did not publish the eipe- 
rimenty though I believe Mr« Gaasiot mentioned it in one of nis 
papen. I have since heard that M. Sinsteden in France had 
made ihe same observation, though I do not know when, nor 
whether he has published his experiments. 

The point which I now think may be worth insertion in the 
Philosophical Magazine, is the conversion^ by means of a Ruhm* 
korff coil, of an indefinite amount of voltaic power into static 
electricity. If a small Leyden phial have its coatings connected 
respectively with the extremities of the secondary wire of a 
Bahmkorff coil (the pnmaiy being, as usual, connected with 
the condenser of M. Fizeau, and two wires being attached to the 
terminab and brought within striking distance), tbc noise and 
brilliancy of the discharges are greatly increased, with generally a 
ahghty but a very slight, diminution in their length. If now 
the voltaic battery be increased, the coil and Leyden phial re- 
maining the same, but little increase in the length or brilliancy 
of the sparks will ensue, that is, provided the battery was m the 
first instance sufficiently powerful to give the maximum etiect of 
the coil ^vithoiit the ))hial. i or instance, if with a Ruhnikorff 
eoii of the size now usually made, 10 inches long by 4 diameter^ 

* Covimiiaicitod I9 the Author. 
PkiL M^g. 8. 4. Vol, 9. No. 66. Jam, 1855. B 
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2 Mr. W, R. Grove on a Met/wd of increasing 

four ceUs of 2 inches by 4 of the nitric actd battery be usedi 
and a pint Leyden phialj but tittle inerease of effect will be 
obtained by using eignt or more cells, and the pUtiniim at the 
contact breaker would be rapidly destroyed by tbe sparks. 

But substitute for the pint Leyden phial one of double the 
capacity, and it will be found, that though this second phial was 
interior to the first with a battery of four cells (giving shorter 
sparks, and fewer in a given tiine, thoiiirti soini what denser), 
yet it is far superior to the first with the battery oi risrht cells^ 
and the sjiarks at the contact breaker are no longi r injurious. 

By adding more coated surface, for instance, another phial, 
four more cells may be added, and increased effects will be ob- 
tained, and thus with t/w same coil the brilliancy of the discharge 
may be increased to an extent to which I have not yet found a 
limit. I obtained this result some months back ; but not ha\ mp: 
a larL':e battery, 1 did nuL go beyond ten cells, which I found 
would w ell bear a jar of one square foot coated suriaL;4;. 

By the aid of Mr. Gassiot's more powerful apparatus, I have, 
with him, used thirty cells of the nitric acid battery, 2 inches 
by 4^ and five square feet of coated surface ; the eflects were very 
atriking,^a roar of voluminous discharge of 0*6 of an inch long, 
increased to 1*5 inch when the flame of a spirit-lamp was placed 
between the terminalst I have never witnessed such a torrent 
of dectrical discharges ; the noise could not be home long with- 
out great discomfort. 

With the same voltaic battery, and an additional square foot 
of coated surface, the effect was somewhat diminished. Mr. Gas* 
eiot had not more than thirty cells available at the time of our 
eiperiments, so that I have not yet ascertained the limit to which 
this increase of power can be carried. I presume, however, there 
ia a limit, for reasons which will be presently apparent. 

The following precautious are essential to the success of the 
experiment : — 

1st. Tlie wire proceedinn; tVoin the outer extremity of the 
secondnry coil must be connected with the inside or insulated 
coating of the Leyden batteiy, if the battery is not wholly iiisu* 
lated. The reason of this is, that the r iiti r extremity of the coil 
is the better insulated portion, and also that to which electricity 
of tension flies off; a good spark can, under ordinary circum- 
stances, be obtiiined from the outer, but scarcely any from the 
inner terminal of the coil. 

2nd. The distance between the hammer of the contact breaker 
and the soft iron core should be made as great as practicable, 
at least mie-ei|^th of an Inch ; this ia an important pdnt aa to 
tiie theory and experimental results of the Rnhmkorff coil. 
Time, as is well known, ia nccesiaiy far the development of 
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cketro-magnetifBi; and M. Mtttened^ in Iob recent mhuble 
book on induoed elaetridty, has ehown eome mnarkable mvlta 



the fomor la raiaed bafom the latter haa time to be folly mag- 
netiied ; and whcm a Leyden oondenacr ia need, farther time ia 
leqnired for this to be charged. Thia demand of time indioatea 
the probable limit to the inereaae of power to which I have above 
alluded. 

It is very curious to see the tUmwptwn, ao to apeak^ of voltaic 
power by the Leyden battery : when the maximum efiect for a 
f;iveii Leyden jar has been passed^ the contact breaker shows by 
Its sparks the onabsorbed induced eleotricity which now appoirs in 
the primary wire; an additional jar aeta aa a safety-valve to the 
eontact breaker and utilizes the voltaic power, and so on. 

It is a question of some interest why a jar charged in the or(!i- 
nary way by temporary contact of the terminals of a secondary 
coil will ouly receive a very alight charge, and pve n discharge of 
s^yrceiy measurable lenglh, yet when pernianciitlv coniiccted with 
the terminals, mil give a luug aud powerlul discharge. The follow- 
ing is the best theorj' I can offer. At tlic moment of the induc- 
tive action or wave of electricity, the same wire which is affected 
by the electric impulse is unable to conduct it back again, and 
thus to discharge the jar ; while, when the jar is attempted to 
be charged in the ordinary way, the contact, however apparently 
of short duration, lasts longer than the single impiiLsc of electri- 
eity, and so the coil in great part discharges the jar. Some such 
state of the wire as that i have suggested must exist at the 
moment of an induced current, as otherwise the wire would dis- 
charge itself, or in other words, would never receive a charge or 
atate of opposite dectricity of great tension at its extremities. 
At one time I eonaideiea the explanation to be, that at the 
momaiit of breaking contact a portion of the induced electricity 
iiea off aeraaa the caaeharging interval in the form of a apark^ 
and thna enablea the jar to diachaige itadf jost aa the voltaic 
■re will paaa acroaa the path of an deetrie sparkj thoogh it wUl 
■ot paaa through a meaaorablediatattceof inteiposed air without 
the spark. Thia theory^ however, doea not aatiaibctonly explain 
liie great inereaae in the duu^ of the L^denphial^aa compared 
with the dnurge by eontaet. 

drd. It moat be borne in mind that each coating of the 
Leyden phial moat be connected with eadi terminal $ the jar ia 
not^ aa man^ have tried the csperiment, to be intnpoaed in the 
aaoondaay eneuit 

The number of dischargee in a given time will depend npon 
the intenaity of the batteiyi and its relation to the amonnt of 
coated auiSMe; the eye cannot estimate thii^ hut n igv£^ mea« 
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4 M. V. Eegnault on the Elastic Forces of VqHntrs 

soKinent of the rapidity of snoeesdon may be made ia the M* 
lowing way. Move acroee the line of discharge with a steady 
hand a strip of writing-paper, it will be ponctQied with a row of 
holes, which will be the more closely approximated in propoitioD 
as the succession of diseharges is more rapid. By a disc of paner 
attached to sn axis moving with a given rate of revolationj uiis 
measorement may he mtm very accurate and useful. 

Those who possess the coil apparatus will find it very conve- 
nient to have a plate of crlass, coated on each side with tinfoil^ 
placed on the base of the machinei and having strips leading 
from each coating to binding-screws, with which the temunsls 
of the secondary coil can be corrected at will. 

December 7, 1854. 



ir. On the Eltistic Forces of Vapours iii vacuo and in Gases, at 
dij/erent i emperatures ; and on the Tensions of the Vapours 
fwmishedby mixed or superposed Liquids. J9yV.RBGNAULT*, 

[Concluded from vol. viii. p. 280.] 

Paet III. — CM the Elastic Force of Vapours tti Gases, 

PHYSICISTS in general admit that vaponn behave in the 
same manner in gases as m vacuo, with this difference only^ 
that in gases the eqmUbrium of tension is slowly established, 
whilst m vacuo it is produced almost instantaneously. An ap- 
paratus invented by Gay-Lussac is usually employed in leetnrea 
on physics, to show that the elastic force of vapours is exactly 
the same in gases as in vacuo. Nevertheless there is no record 
of any exact experiments having been made for the establish^ 
inent of this law, which is of great importance, especially in 
meteorology. 

During my hygrometric investigations (])ublished in the fif- 
teentli volume of the -^nmr/i-'s- dr Chimie et de Physique^), I very 
careful 1\' determined the weif^lit of the aqueous vapour existing 
in the atmosphere at its dift'f nut states of saturation. I ascer- 
tained that, even during iung-ccmt imicd rains, which must have 
maintained the air in a state of saturation, the quantity of water 
found bv experiment was always less than that determined by 
my calculatujtis, based on the one hand upon the elastic force 
which I had found for aqueous vapour in t'acuo^ and on the other 
upon the theoretical density of ibis vapour. 

This eircunistanec luight arise from two causes : — 
i . The clastic force of vapour of water might be exactly the 
same in the air as in vacuo ; 

• From the Comptes Rendu3 for Aii^st 21 and 28* 1854. 
t Taylor's Scientific Memoirs, Part XVI. 
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in vacuo and m CrOiei, S 

2. The aetual densitj^ of aqueous vapour in tiie air might 
lifo from that obtained hj calealationa funded upon Mariotte^a 
Inr and the theoietical dennty ; for this dennty was only veiified 
by Gay-Luasae at a temperature of 100^ and under preaeurea 
woich differed but Utde from the ordinary presaure of theatmo- 

I wiahed firat of all to determine as exactly as possible the 
vei^t of vapour which might be contained in air saturated with 
humidity at different temperatures ; for it might be objected, 
that in the experiments m which I derived the saturated air 
directly from the atmosphere, there remained acmic uncertainty 
as to the exact determination of the temperature. My new ex- 
periments were free from this objection, for I drew the air, by 
means of an aspirator, into a series of tubes filled with wet 
sponge, and kept at a strictly invariable temperature during the 
whole course of the experiment. Skty-ei^^ht determinations 
effected in this manner hftween limits of temjxratti! c from O'' 
to 27" C. Ill] ^rave the ^v(■lL:ht of vapour lower tiitui tliat deduced 
from calculat ion. The diiterences were, however^ incousiderablCy 
rarely rising to jy^th of the total weight. 

The fact being lluis completely proved, its cau^c remained to 
be discovered, and for this pur})ose I undertook experiments to 
determine directly the density of aqueous vapour within limits 
of tenjperatui"c analogous to those existing in my first experi- 
ments, as well as the elastic force of this vapour in the air. Un- 
fortunately the direct determinutiuii of aqueous vapour in gases 
at low temperatures presents difficulties which are almost insur- 
mountable, the ponderable quantity of this vapour being too 
siktall in proporticm to that of the whoje elastie fluid. I was^ 
therefore compelled to confine myself to making experiments m* 
mevo. As long as the fraction of saturation does not attain 

Sths, I found the density of aqueous vapour to be equal to that 
luoed from the theoretical density, by the application of 
Mariotte's kw. But this density Increases rapidly m proportion 
as it apptoaehes saturation. 1 think, nevertheless, that this 
rapid inerease is produced principally by a condensation of 
liquid water upon Uie walls of the balloon in which my experi- 
mcats were made ; and this condensation commences long before 
nturation. 

I could find no means of getting rid of this causeof error, and 
1 believe that the most exact method of determining the density 
of a vapour in a gas still consists in condensing, by means 

of absorbing substances, the vapour existing in a giu a volume 
of gaSj uudcf known ronditions of temperature and pressure. 
But in this case the law of elastic forces must be thoroughly 
settled. 
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6 M. v. fiegnaalt on ike Miastie Foreet of Vapovarg 

I bftfe detailed (at page IM of my memoir) * the experiments 
wliieli I made in order to determine direetljr the dastie Ibroe of 
aqneoos vapour at ntoratioii in air and nitrogen gas at diffnent 
temperatoiea. The mnety-one determinatkma whieh I made 
between 0^ and 4ff G. gave, without eKoe{Kdon, the ebatie linoe 
of aqneoos vapour as WMiker in the air than tn vacuo. The dif- 
ferences are 1^ the same kind as those previously found between 
the weight of water whieh saturates a given volame of air, and 
the weight deduced ftom calcuktion. NevertheleiSi in these 
expoiments I endeavoored to vary the cireumstances as far as 
possible, and especially to realize thoie conditions in which it 
might be expected that saturation would be obtained. 

Aqueous vapour having but a feeble tension at low tempenk* 
turcs, it became important to extend these experiments to more 
volntile fluirls. T accordinglv made use of aether, '^iiljjhurrt of 
carbon, and bcnziiir. The apparatus cmplnyrd was that dcscTibcd 
in the Armales de Clmnie de Phi/si^/fic, 3 ser. vol. xv. p. I '^l t« 
into a balloon, of the capacity of to 700 cubic cfiitiins., 
a small hermetically-closed capsule was introduced, contaiiung 
the liquid to be operated upon. This balloon, to the neck of 
which a tube of considerable diameter hsul lj( en previously 
attached, communicated with a mercurial iTianometer. The 
.entire apparatus was placed in a larn;( tub iilli d with water, 
which was kept at a cun.staiit tciii})crature. A piece ot glass was 
let into one part of the side of the tub, through which the ma- 
nometer might be observed. The apparatus being arranged, a 
vaennm was repeatedlv produced in the balloon, the air admitted 
after each exhaustion oeing perfectly dry. Lastly, the appsratoa 
^ was hermetically s^e^* containing air under the pressure of the 
atmosphere. 

The elastie force acqjiiired by this dry air^ kept constantly at 
the lame volume, at different t^peratnreSj^ havmg been d^sr- 
mined, the capsule was raptured by the action of heat, and the 

series of observations was recommenced on the air saturated with 
vapour. The liquid enclosed in the capsule had previously been 
kept from contact with the air, in order that it should not hare 
a tendency to absorb the air of the balloon. The volume of the 
capsule in proportion to that of the balloon may also be varied 
in different experiments, so as to make sure that the absorptioa 
or disengagement of air by the liquid has not caused any sensible 
perturbation. The folbwing are acme of the results that I have 
obtained 

* Snentitic Memoin> voUiv. p. 
t ibid. p. 706. 
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First Series. 




Capacity of the balloon, f?f)R cn 
7*4 cub. ccutima. of liquid. 
731-89 niillims. 


b. rrntinT*. Capsule containing 
iiUastic force of the air at 0°C., 


Tempentarct* 


Elastic forea of the 
*apov ia th« gw. 


ElMtk&TCcof the 


DUrereace. 


J-iy 

14-41 

14-38 

2078 
80-78 
11*00 

11-11 

19-37 
1232 


225-94 
840-15 
336-48 
439-50 
439-78 
80710 
296-78 
41402 
811*30 


839-6 
848*8 

844-5 

445-6 
445-6 
800*9 
80O-6 
423-1 
315-0 


mm 

6-6 
8*1 
8-0 
6-1 
5-8 
81 

8- 8 

9- 1 
3-7 




Second Series* 




C«pieity of the baUoon, 690 cub. eentims. Weight of liquid 
oontiined in the capsule, 7*7 grmi. filastic force of the ur 
alone at 0^ 724-22 milUnia. 


In this aeries the operations were carried on with a descending 
temperatore^ so as to realise saturation with greater certainty. 


33-51 
33 62 

30-97 
26-52 
22-83 

iomi 

1999 
14-26 


702-^9 
705 09 
645 62 

r»5?-«7 

47i«-ti3 
489-60 
498*88 
887*71 


732-8 
726-0 
6'}90 
55f>-2 
4^0 
488*9 
438-0 
841*0 


20-1 
20*9 
13-4 
6-5 
4-4 
4*9 
41 



These tables, in whidi I have only inserted the greatest ten- 
skxia observed at given temperatnres, show that the elastie force 
of vapour of ather in the air is oonstantl)r less than that obtained 
sa vatmo; the differenee becomea greater in the same proportion 
as the elastic fbsces themselves. 

• Fearing that in the preceding experiments the tobe by which 
a communieation was established between the balloon and the 
manometer might be too small to allow of the neeessaty diffusion 
of the vapour, I replaced it by one of the same diameter as ' 
the manometric tube itself, that ia to say, 22 niillims. Under 
theae conditions the following series of experiments was made. 
A F«mall quantity of the liquid was always distilled over into tlic 
manometric tube before the oommeaoement ot the observations. 
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Third iSenes. 



Elwtte fonse of the air at 0^ 706'91 mmima. 



1 


jsiMOC rane w 

tibfl ^B|KHIF Id 
the ur. 


EUatic force in 




1673 


368-81 


379-7 


mm 


1675 


369-39 


379-8 


10-4 


SO-78 


48141 


448-8 


10-8 


20-79 


43.') -26 


155-9 


10-7 


3931 


583-81 


61U0 


36-2 


3931 


588*68 


619-0 


30-3 


29-31 


59303 


6190 


260 


22 84 


470 13 


483-8 


137 


22-86 


466-03 


483-9 


17-9 


8S-84 


487'M 


488-8 


18*8 



It will be observed that this aeries presents still greater differ- 
encea than the preceding^ but thia arisea from the maximum 
detennmatioiia only having been inaerted. The obaervations at 
the aame temperatnie were made at intenrala of half an hour» 

It wonld take up too mueh time to indicate here the different 
eirenmatancea under which the partial determinationa for theae 
three aeiiea were effeeted,— ^heae circumstances exerciae a great 
influence upon the values found for the elaatie force of the vapour. 
I ahall content myself with saying, that verv often a detennina- 
tion was not made until alter the bath had been kept for aeveral 
houra at a constant temperature and in continual agitation. In 
other cases the bath was allowed to eool very alowly, keeping it 
constantly agitated, and the obaervations were made duhng this 
period of deacent in the temperature, which waa veiy ^ourable 
to aaturation. 

Th*e greatest value was obtaiiu d for the elastic force at a given 
temperature, by suddenly cooling tin balloon sn as to induce an 
abiindnnt condensation of the vapour, and then lajiidlv re-esta- 
l)lislimg the original temperature. By making observations 
afterwards every quarter of an hour, the temperature ot the bath 
remaining exactly the same, the clastic force will be found to 
diminish gradually during several hours. If, on the contrary, 
the temperature of the bath be raised gradually up to the sta- 
tionary point, and observations be then made every quarter of 
an hour, it ^viU be seen that the tension of the \ apour constantly 
increases, without, however, attaining, not only the tension 
which it presents in vacuo, but even that observed at the same 
temperature in the experiments by refrigeration immediat( ly 
after the condensation of the exoeaa of vapour. I shall give the 
ezphmation of theae iSMta bcmfter. 
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The menl tendency of these experiments is to show that the 
dastie force of ^n^ponr of aether in the air is constantly weaker 
than m vacuo, Tkt absolute difference is greater than mih 
water, and increases with the elastic fme itsdi. 

The experiments which I have made with sulphuret of carbon 
and benzine lead to the same resolt. The difference between 
the elastic force presented by the same vapour in the air and m 
vacuo, diminishes in proportion to the volatility of the liqnidi aa 
may be seen from the following tables : — 



Ten&ions of the vapour of sulpliurct of carbon in the air. 



TcmpcratUTCT. 


EtartkfwMcf III* 


BbriielbraBof tfM 


Difference. 


vapour in the air. 


Tl^iour in poena. 




13-45 






mm 


227^8 


2293 


2-0 








41 


mi 


328-90 




4*1 




441*41 


4467 


4*8 


Tenaioiis of the vapour of benzine in the air. 




46-80 


48-2 


1-4 


m7 


4(m 


48*8 


1*4 


1048 


46 92 


483 


14 


11-S7 




50*3 


2-4 




48-57 


50-S 


1-7 



In order to investigate this same subject^ I have employed a 
method which presents many advantage s over the preceding. It 
allows U8 to s^tudy with pr^n«ion the influence exerted upon the 
elastic force of the vapour by the total pressure of the gaseous 
atmo«iphere which acts upon the volatile liquid, and the quantity 
of liquid in excess by which the walls of the vessel arc moist- 
ened. For this purpose I made use of the eudiometer which I 
appUcd to the analysis of gases, and which is described in the 
Jbinales t^e Cliimie et de Phijsiquef vol. xxvi. p. 333. 

I replaced the measuring tube of this apparatus^ which usually 
consists of a glass tube traversed by tvvf> platinum wires, by 
aiH>ther glass tube which was not funiishcd with wires, and 
which was graduated iu centimetres so as to indicate the volume 
of gas. Into this tube the gas in which the volatilization was 
to be effected was introduced, with the precautions iiidieatcd in 
the memoir ju.^t quoted ; then, kcepinir the bath which sur- 
rounded the apparatus coastantly at a tciuperature of 7^*7 C, 
which was very near that of the surrounding atmosphere, the 
elastic force presented by this dry gas was determined 1^ the 
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cathetometerj the Borface of the mercury in the measuring tube 
beiiig brought successively to each of the divisions marked upon 
the tube. 

This done^ a certain quantity of the volatile liquid was intro- 
duced into a test tnbe« which had been previously filkd with 
dry mercuryj exhausted tii vacuo ; then, after the communication 
between the two tubes had been established^ the gas was passed 
from the measuring tube into the other^ under a priessure suffi- 
ciently low to allow the whole of the liquid introauccd to vola- 
tilize in the gaseous space thus afforded it. Lastly, the gas 
mixed with vapour was repassed into the measuring tube. 

A new series of determinations as to the elastic force i>f the 
gaseous mixture was then commenced, by causing this to occupy 
successively the same yolumes that had been occupied by the dry 
gas in the first series. It is clear that by deducting: from the 
numbers of the second series the corresponding numbers of the 
first, we get the elastic forcps of the vapour at a constant tr m • 
perature, bnt under vuriabli ] ncssnre?* and different volumes, and 
consequeiitly in variable states ot saturation. 

From tiiese different observations it may be deduced : — 

1. From the first series, whether the dry gas follows the law 
of Mariotte. I shall give in another memoir the observations 
which I have made in tliis matincr upon the compressibility of a 
great number of gases. The iiKlliod, vvlien executed with the 
necessary care, allows us to prove that atniosphcne an- itself 
departs sensibly from this law under the slightest variations of 
volume. The differences belong to the order of those deduced 
tcom the curve which I have already published^ and which in- 
cludes a great interval of pressure. By the same method I have 
determined the law of compressibility followed by mixtures, in 
known proportions, of atmospheric air with a gas, which, like 
carbonic acid, depajls greatly from Mariotte^s law. 

2* By combimng the two series, we may ascertain how hr the 
gaSf more or less charged with vapour, departs from Mariotte's 
lawy when it is more or less distant from the state of saturation* 

3. AVe may determine how the elastic force of the vapour 
vanes from the moment when the liquid begins to be deposited 
in drops upon the w alls of the tube, and consequently ascertain 
whether the elastic force of this vapour varies in proportion to 
the quantity of liquid condensed. 

I give here the series of experiments which I have made upon 
vapour of aether in atmospheric air ?^nd hydrogen gn**. T have 
subjoinrd other exporimrnts bv which T have dctrriiiiiicd the 
clastic force of tlic saiiic va])f)ur in carbonic acid gas, although I 
do not think that the hittr r can be employed with confidence in 
the determination of the tension of the vapour, m consequence 
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of the great solability of carbomc acid gaa in aether^ which in 
thia caae prodnoea a considerftble pertnrhation. 



On the tensioo of the vapour of xther in the air. 
(Tenaion of the vapour m vacuo at 7^-7 C.ss!2dO millima*) 



Nuiuben of the EUutic fo 


rce ot' dry EUutic force of air 
r. withtlMVipoOT. 


Elastic force of the 
vmpovflf Mlher. 


54 611 


•03 775-93 


164-90 


52 C3C 


)-93 801-33 


170-40 


50 m 


(13 828-18 


17f)05 


48 6;£ 


»*03 85708 




4a 691 


K88 887*68 


188« 


44 722 


1-58 92108 


195-50 


4a 75: 


(•68 956*68 


203-00 


40 


1-53 995-18 


210 65 


aa 8i; 


r83 1036-98 


219-15 


aa 85: 


J-73 1082 08 


228-35 


84 9»i 


l-U 113148 


238-35 


3i 9« 


s-aa 1188*18 


846-46 


ao 98 


1-58 1232-28 


24770 


88 m 


M3 1287-58 


25045 




rOS 1348-73 


251-70 


84 11« 


1-83 1418*88 


858*10 


88 1831 


M8 




84 


775-83 




K imh qmintity of ether waf introdoeed into the libontoiy tabi and 


made to dinobra in Um air. 




64 1 


862-63 


251-60 


68 


883-63 


252 70 


50 


905-63 


253-50 


48 

f on the •" 


929-38 


254-35 


followiDf 


929-28 


254-25 


4al<ujr. 


954-83 


255-00 


44 


981*08 


866*60 


48 


1010-I8 


256-50 


40 


1 1041-29 


256-75 


88 


1 1075-18 


257-35 


88 


1 1111*68 


S6r-a6 


84 


1 115131 


258-18 


88 


\ 1195-68 


259-(M) 


80 


1243-98 


259 40 


88 


1297-28 


880*15 


88 


1357-03 


260-00 


84 


142303 


26010 


j The Kther wu in eioea from the commenoement ci tUi 


IMOMdMCiM. 
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Tensioiis of the vmponr of nther in hydrogen gas. 



(The measures were ail made at a temperature of 7^*7 C. 



Niunbtn ot the 
dtoiitottii 


Hydrofen alone. 


Hjdiogen with iBther. 


Teasioni of the vmpoux 
efsMte. 


48 

44 
49 
40 

38 
36 
34 
32 
30 
98 
2S 

29 

20 
18 
48 

The volume of gas 
left for two noi 

48 
24 
94 
90 


570-73 

ate4k 

591*63 
613-68 
687-78 

663-68 
691-33 
721 93 
755-88 
787-38 
832 68 
877-88 
927-^8 

10-18 

1121 13 
1154 13 
570-73 

isaugmentefl. thn u 
ura ami then brougb 


813-58 
816*18 

864-13 

916*48 

977-08 
1048*88 
1185'08 

1880*88 

•mprrnttirr raised I' 
t again to 7''-7 C. 

816-88 
1943 68 
1948*88 
1881*78 


242-85 
945-45 

250-45 

989*80 

255-15 

961*00 

957-90 

9£8'fi0 

969-76 

246- 15 
959-30 
959HI0ift.ib. 
980^ 


Second Series* 


Numben of the 
dttTfiione. 


Hjdrogen itona. 


OeswUhfq^. 


Mastic force of dM 
vapoer* 


60 
56 
59 
48 
44 
40 
86 
32 
98 

The ether bad i 
Bent of obserr 


633-63 

672 43 

7iti la 

76628 

823-88 

890-48 

089*68 
1003-48 
1178^ 

enained in fh« gtt 

ations. 


886*98 

926-33 

971-43 
1022-43 
1081-08 
1149*58 
1998*68 
1324-08 
1489*98 

Gh* flften boun be! 


251-65 
253 90 
255 -aO 
25616 
257-20 

259- 10 
959-10 

260- 60 
961*66 

itre tiie oonmiMMie- 
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Tensions of the vapour of aether in carbonic acid gas. 

Temperature 7^*7 C. 



MmlMnaf the 

AffaiOHU 






ELutic force of the 
vipwr. 






\ft 4 AO 


MOO OV 










66 


560^ 


704-68 


144-40 




59688 


74998 


153-60 


48 


887-98 


801*40 


168-58 


44 


888<88 


SflO S8 


1; .'-jf' 


40 


740-88 


l)2i)18 


1 S * ) • 1 0 


18 


805-88 


1009-88 


^04' 10 


39 


88338 


1105*83 


£WkA J E 

999*45 


88 


977-58 


1913-83 


A€l^ ACf 

936-95 


84 


1005*68 


1383-98 


AAA Ai* 

938-96 


n 


116B-78 


14M-08 


aao 

938*80 


SO 


1945-98 






18 


1337-93 








A fieih qaantitj of Mber introduced. 






•«•••• 


7m-79 


Jf»>4 4U 








939 05 


M 




839-33 




48 




889-33 


944-35 


44 




930-36 


944*98 


40 




086*18 


845*80 


36 




1050-98 


944-40 


38 




1196-53 


243-15 


38 




1919-91 


241-63 


84 




1333-53 


837-85 


» 




1401*81 


886*48 



In these experiments I hm noted the precise moment when 
the ▼aponr h^^an to he deposited in drops on the walls of the 
tube. I have constantly found that the vapour is then still fkr 
from possessing the clastic force of 260 miUims., which it pre- 
sents m vacuo. If the compression of the gas be continued, the 
condensed liquid becomes more abundant and the tension of the 
vapoor increases, approaching more and more to that observed 
tfi vacuo. But an equality is not attained until a thick stratum 
of liquid has collected on the surface of the mercury. Moreover 
thin cquahty is only to be observed immediately after the reduc- 
tion 111 volume, for the tension afterwards (lin:iinis]!PS!, and this 
derrpR?e continues to progress lor several hours, although the • 
temperature may be carefully uiaintained. 

The explanation of these various facts appears to me to be very 
simple. When a volatile liquid in a limited space is in contact 
at the same time with a gas which fills this space and with the 
buljstancc of which its walls are composed, it has a tendency to 
produce vapour until the tension of the latter sliall be equal to 
that acquired by the vapour in vacuo at the same temperature. 
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But this vn)our comes in contact with the wtUs of the vessel^ 
which by their hygroscopic affinity condense a portion of it on 
their surface. The space is consequently below saturation as 
long as its walls have not condensed the quantity of vapour 

necessary to satisfy their attractive action upon the vapour. 
This quantity !nay hp valued by the thickness of the liquid ntr:\- 
tum. On the vcitunl portions of the wall the liquid stratum 
cannot increase inderiuitely in thickness, as its weip^ht tends to 
make it i*un towards the bottom. It will be understood, there- 
fore, that if the stratum which remains adherent to the wall be 
too thin to neutralize the attractive action of the wall upon the 
vapour, the space must lose vapour; and if the lost vapour be 
not supplied with the same rapidity by the excess of liquid, the 
elastic force must always appear lesii than that observed in 
vacuo. 

In this manner is explained why the greatest elastic forces 
corresponding with a ^ven temperature are always observed 
immeoiately after a diminution of volume, or after xefirigeration, 
because iben the Uqnid which is just condensed has aaturated 
the wall, and has not bad time to run down by its own weight 
This drainage gradua% takes place^ and the ^astic force of the 
vapour is diminished in consequence. A similar eflect cannot 
be produced m wum, baeausein this case the vaporization of the 
liquid is very rapid, and immediately replaces iiie vapour which 
baa condensed upon the walls. 

Many facts observed by physicists may also be explained in 
this manner. The air saturated with vapour by an abundant 
laini descends below saturation soon after the cessation of the 
lain, because the bodies which are immersed in it deprive it of 
vapour by a hygroscopic action. If air be drs^wn by an aspirator 
from a space where it is saturated with vapour, and passed throuffh 
a dry glass tube kept at the same temperature as the air, the 
walls of the tube will become covered with m abundance of 
drops, &c. 

To sum up, I brlicve we may conclude from my observations 
in general, that Daiton's law regarding mixt ures uf gasca and 
vapours may be regarded as a theoretical law, wliich would pro- 
bably be veriticd most strictly if we could enclose the gas in a 
vessel, of which the walls might be formed of a certain thickness 
of the volatile fluid itself. But tins law can only be very miuer- 
fectly realised m our apparatus , tlic hygroscopic afliuily of their 
wal]6 reducing the vapour to a variable tension, which is always 
lower than that corresponding with saturation. 
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Fabt TV.-^On the Elastic Force of the Vap<)>irs cniitted by vola- 
tUe Liquids mixed by mutual solution, or superposed. 

It is generally admitted io works on physici, thftt a mixture 
of aeyeral volatile aubstancea which do not combine chemi- 
callyi evolves complex vapours, of which the total elaatic force 
in a state of saturation is equal to the sum of the tcnaionB which 
would be produced by each of the liquids separately. This pro- 

{>osition, moreover, is nothing but a particular case of the general 
aw known as Dalton^s law, and which would apply to every mix- 
ture of volatile tiuids, permanent gases, or vapours. This law is 
said to have been established by Dalton, as the consequence of 
direct experiments; and M. Hif)t, in his Traifr de Physique 
(vol. i. p. 308), has described tlu (uocess employed ibr this pur- 
pose. This process is very iniperfeet, and it is difficult to ima- 
gine how Dalton can have obtained exact results from it, espe- 
cially in a quLsuon which requires exact measui'eineutSi iikti that 
at present under consideration. 

Gay-Lussac is also said to have vl riUcd Diilioii's huv upon the 
elastic forces of mixed vapours, bui I have uuwlicrc luuud traces 
of the experiments of this ceh biati d physicist. M. Biot (op. 
at. vol. i. p. 297) cites the expenuiciits mude by Gay-Lusisac to 
determine the density possessed by the complex vapour, furnished 
by mixtures of variable proportions of alcohol and water, which 
were completely vaporized in the same space. Gray-Lussac found 
that the weight of the complex vapour is exactly the same as if 
tlie vaDouxs of the liquids were isolated ; aud he oonclnded fffm 
ibis, tnat the two substances dissolved iu the first instance 
undergo a molecular separation in acquiring the form of vapour, 
and tluut they then behave as though each S them were separate 
without any mutual influence. But it must be obeerved, that 
in Oay-Lussac's experimenta the vapours were not in a state of 
iatuiationi for they were at a tempmture of 212^ F., uid under 
a pressure less than that of the atmosphere ; and besides, they 
were not in contact with an excess of the liquid from which they 
had been produced. Gay-Lusaac's experimental as transmitted 
to us by M, Bb^ have consequently no bearing upon the present 
question. 

It may be said that Daltou's law has been accepted, because 
it appeared to be a natural consequence of the ideas already 
formed upon the constitution of the aeriform fluids^ and which 
have been developed by Laplace, Poisson, and other mathema- 
ticians. Physicists have not thought it necessary to verify this 

law by direct experiment. 

I hii\c made my experiments only upon mixtuiTs of two liquids 
and in vacuo. The case of threes or a greater number of li^uiyda 
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in tbe mixture, wonld have gjiwii too mmeh oomplintioa to tiie 
ooestioD. I hne, of ooiurae, only operated upon liquids which 
oo not eombine <^eiiiicaUy by simple mixture. Bot we mml 
eommeiice by defining exictly what must be underatood by sob* 
ataneea which react, or do not react chemically upon each other. 
Bt aabatancea which react chemically, we moat nnderstand those 
whieb, when mixed, give rise to a new substance, endowed with 
properties distinct from those of the primitiTe anbetaoces, and 
constituted according to the rules of definite proportions. When 
bodiea are mutually aoluble, tliey do not give ri^ to new com- 
pounds ; neverthtlc?^, in the phaenomenon of solution, particular 
molecular actions take place, which distinctly modify certain in-* 
dividual physical properties. 

I shall divide the binary niixtuic^ of volatile substances upon 
which I have op( rated into three classes: — 

F^rst class. Binary nuitures of volatile substances which are 
not mutually ioluble. 

Second cinffs. Binary mixtures of volatile j^ubstanct s which are 
mutually soluble in larircr or smaller proportions, but which are 
employed in such quantities, that, alter reciprocal saturation^ 
there remain two separate liquids. 

Tliird class. Binary mixtures of volatile substances wlueh are 
mutually soluble iu all proportions, and therefore always furuish 
a single fluid. 

The process employed in these experiments is the same as that 
applied to the determination of the elastic force of the vaponra 
f&mished by isolated substanoea; the results are therefore per* 
fectly comparable. 

when tne substances exercised little or no dissolving action 
apon each other, a single capsule was filled with nearly equal 
volumes of the two liquids, and then hermetically closed by the 
lamp. To deprive the liquids of air, they were pUiMd separately 
for a few moments under the receiTer of the air-pump, so as to 
expel the air by ebullition under a low pressure. The capsule 
was put into the balloon of the apparatus, and the operation was 
then carried on exartly as in the determination of the elastic 
force of the vapour of a hoinoiccncous substance. 

In other cases a much larger quantity of tiie twn liquids was 
introduced into the balloon, and the air was conijiletely expelled 
from the apparatus by boiling the liquui.'- under a low pressure 
by the aid uf the air-pump. However, these two processes gave 
the same results, so that they may be eiii])loyed iudill'ereutly. 
Care was taken also, before making an observation, to keep the 
bath at a constant temperature for a quarter of au horn, and 
often longer still. This rendered it certain that a state of cq^ai- 
libriom was obtained. 
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First class. — Binary mixtures of volatile substances which 
exercise no sensible solvent action upon each other. 

The number of binary mixtures of this class which may be 
experimented upon with certainty is much more restricted than 
might be supposed at the first glance, since one essential coiu 
dition in experiments of this kind is, that the snhstances em- 
ployed mmt be perfectly pure, and they nmst also both be suffi- 
ciently volatile to enable their individual tensions and that of 
their mixture to be determined with the nccessaiy exactness. 
Lastly, it is probable that there are in reaUty no two volatile 
substances wiiich are absolutely exempt from those reciprocal 
molecular actions which produce the ph[Enonienon of solution. 
Everyone knows that water which has remained for a consider- 
able time in contact \nth essential oils, which are considered 
insoluble, acquires a very distinct odour of these substances, 
without its beinc: pos>iijle to detect the mechamcal interposition 
of the smalle;st ])artiele of essence. 

The only mixtures ol tins class upon which I have operated 
are,— 

The mixture of water and sulphuret of carbon. 
The mixture of water and chloride of carbon, Cl^, 
The mixture of water and benzine. 

The following tables give the results which I have obtained. 
With regard to each temperature at which an observation has 
been made, we find the elastic force of the vapour given by the 
mixture; the elastic forces of the vapours of each of the sub- 
stances separately, taken npon the curves of winch I have previ- 
ously given the elements, or which I liave determined directly 
for this purpose ; and lastly, the sum ol the two individual elastic 
forces. 



Mixture of sulphuret of carbon and water. 



18-8,5 
UiO 



38 35 
3180 



Elastic force 
of the rapuur 
of the imz- 



tttre> 



196-81 



29952 
412-28 
247*43 
847*17 

aw -60 

i&874 



K las tic force 
ot the Ti^Mur 



8-48 
10^1 

16 30 
26-32 
11-99 
90*17 

5026 
3I-9G 



ElMtir (■■■rrc 
of the r;Lpuur 
of sulphuret 
of carbon. 



189-2 
216-7 
285-2 
388-7 
2360 
dSM 
584-9 
461-8 



Sumof Um 
elMtfej 



197-7 

227-2 
30 1 -4 
415 0 
2480 
848*7 
635-2 
499-8 



J^/iiL Ma^, S, 4. Vol. y. iSo. 56, Jan. 1855. 



0- 9 

1- 3 

1- 9 

2- 7 
0-6 
1*6 
0-6 
IT 
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Mixture ofehhridB of carbon, G*C1^ and water. 


Teniper»- 
tnicf. 


Elaatie force 
of the vapour 

of t1-r- niix- 

tuic. 


Elastic force 
of tiM T^>our 
of water. 


ElMtic force 
of the vapour 

of sulphurct 
of carbon. 


Sam of the 
elairtie Ibvoak 


Diffeivncea. 


779 
lI-.-JI) 
1675 
90*49 
96*69 
291? 
34- 12 
38-59 
44-99 


63-49 
75-37 
f>7-25 
115-69 
146*68 
170-77 
214-67 
256-42 
898*89 


7-90 
10<)6 
1419 
17-99 
94*49 
30-00 
40-50 
5092 
69*91 


52-5 
62-5 
80-4 
95-2 

119*7 

138-6 
172 2 
203-7 
986*6 


60-4 

72-5 
94-6 
118-1 
144-9 
168-6 
2127 
254-6 
896*8 


¥i 

2-8 
26 
2-6 
9*4 
2 2 
2 0 
1-8 
1*9 


Mtsetwre of water and benzine. 


1010 
1238 
15-26 

18- 01 

19- 88 
99*68 
10*63 


54-92 
61U3 
72-34 
83-00 
91-49 
104*98 
66HI6 


9-23 
10-72 
12-91 

15-na 

17-26 
90*80 
9*49 


470 
52-4 
60-6 
69-2 
757 
86*0 
48*9 


56-2 
63-1 
73-4 
84-6 
93-0 
106-8 
877 


1-3 
1-2 
M 
1-6 
1-5 
9*0 
17 



It will be teen trom these tables^ that the elastic tbrces ob- 
served for the mixtures are very nearly equal to the ium of the 
elastic forces given l)y the 8e})arate substances. With sulplmret 
uf aubuii ami bi-nziiic tiic tension is con.stuDtly ;i little weaker 
than the sum ui liie tensions. The opposite result la presented 
by the mixture of water and chloride of carbon. I nevertheless 
regard this latter fact as an anomaly^ which I attribute to 
the eircamstance^ that^ notwithstanding all the care which had 
been taken^ the chlcuide of carbon was not absolutely pure. I 
have abeady said^ that a very small quantity of a fbreign aab- 
8tance, inappreciable by onr ordinary ehemical reagents, exerts 
a very sensible influence upon the elastic force of the Tapour. 

From these experimenta I think we may oondudey as a theo- 
retical law, that two volatik eubstaneee, which are not capable of 
muhial eohHen, (five a tentien of vtqnntr eqwd to the eum of the 
tendons preeented by theee gubetaneee separately, although it ia 
probable that this will never be verified absolutely upon natural 
substances, because there certainly exist no two substancea en- 
tirely deprived of all reciprocal solvent action. 

This is consequently a veritication of Dalton's law j but wc 
shall see from what foUow0, that this is the only case to whidi 
Dalton's law applies. 
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SlCOND CLASS. — Binary mixtures of volatile tubatanceBwhkk^ 
ioh0 eaeh other m or mailer, kftt not unHmiied pro* 
portions. 

It is very difficult to make mixtures of substances which come 
in this category. I have only operated upou uiiiLui'es of sBther 
and water. They gave the foUowiii^ results ; — 





Ela.'ttic force of Elastic force of 


Elaitif fr.rcc of 




the mixtufc. 


puie waier. 


mttxti. 


ll*M 


869-95 


1816 


861*4 


2040 


440-32 


17-88 


440O 


26-73 


66279 




563-6 


33-08 


710^2 


27-58 


711-8 


17-99 


689*88 


28-06 


590H> 


94*91 




96-80 


610H» 



In this rase the mixture, far from giving a vapour possessing 
a tension equal to the snin of the individual elastic forre-* of the 
sepmtesuhataaces, scarcely presents that of the tpther aioae. 

Thibd CLA.88.^jBtfiar^ mixtvree ofliquUk vmtualhf eMble m 

enery proportimk 
This daas includes the most numems binary nuxtiiM. I 
bave opeiated upon three mixtiires in yarions proportions of snl-^ 
phuret of earbon and aether, two liquids which are particularly 
adapted to inyestigations ofi this nature, as they both possess 
yapours of considerable tensions at low temperatures : — 



ofeubonj and 
Upon a miztnxe of bennne and eli 



Mmiwrt of nemrly eqmU we^kte of €tther and eu^kuret 

of carbon. 





Elastic force of 
tbe vapour uf tlte 
mixture. 


Elaatic lutiic of 
the vapour of 
«tbcx. 


EImUs ftiivc flf 

thf '.rip'rmr of 
■uiphuret of 


b 


182-92 


182-3 


120-5 


-.18*71 


80-59 


80-3 


56-3 


-li'M 


1(»*99 


loe^ 


74*0 


«.ll-09 


107 67 


108-0 


759 


- 8-94 


11918 


119-6 


83-4 


- 8-53 


121 77 


122-2 


84-8 


- 9-44 


139-78 


129*6 


85-9 


- 715 


130-40 


131-4 


90-8 


~ 714 


130^82 


1313 


80^8 


- 4*01 


161*78 


169-9 


100-0 


-\- 8-93 


271 38 


2740 


100 1? 


4- X 




974 1 


190 3 


4- b i^ti 


2;uy2 


2744 


19U-5 


+ 9^ 


974*09 


976*7 





C2 
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Mixture o/62 vobme9 ofsulphuret of carbon and 38 




vobimei ^ other. 






Elastic force of 


Elastic force of 


Elastic force of 


tluiiipaiiliiiM* 


tike vapour of tiae 


the Tanour of 


the rapour of 

■iilnKiiw»» nf 


l7S 


207-68 


2284 


158-8 


9-31 


252-33 


278-8 


193-8 


12-60 


288-a6 


319-5 


221-8 


17-00 


344 14 


884-0 


884*8 


20-54 


395-52 


442-3 


305-0 


24-07 


451-79 


608-7 


349-5 


27-19 


506-63 


573-2 


392-8 


3073 


575-90 


854-8 


448-3 




627-82 


717-2 


489-0 


3601 


688-73 


786-5 


539-5 


89*44 




927-0 


807*8 


Muetwre ofW vohtme$ of tether and 41 vohtmee of 




sulphuret of carbon. 




801 


253-76 


2630 


183-0 


9-46 


268-81 


280-0 


195-0 


. 1M7 


888-W 


SOl-4 




12*88 


309-50 


3233 


884-0 


16-22 


253-33 


371-8 


267-0 


18-62 


388-42 


410-8 


282-6 


2112 


434-88 


452*8 




23-68 


478-38 


fjOOO 


344-0 


26-89 


538-77 


r>*;f)7 


388-8 


80-09 


603-93 


63hO 


436-2 


32'f;r) 


659-45 


699 3 


478-8 


35 61 


730-33 


777-2 


531-6 


38-18 


795-80 


8662 


581-5 



These tables show that mixtures of sulphuret of carbon and 
sether« far from giv'uig vapours of a tension equal to the sum d 
the tensions of the two separate vapours^ exert an elastic force 
which is generally less than that which would be produced by 
the most volatile of the two liquids. The difference increases ia 
proportion to the volume of the less volatile liquid. 

As it was my intention only to study the phscnomenon in its 
general br arings, I did not take great care irt the detprminaliou 
of the Cjuantities of liquids mixed, j)ai ticulai ly as theij- propor- 
tions cliarifTe by the mere fact of vaporization. I have had an 
apparatus ronstructcd by means of which I pro]wsedto continue 
these expeniiicnt!^, operating with exactly known and suitably 
graduated nnxlmt's, and wliich would allow the determination, 
at any moment, of the constitution of tlio atmosphere of vapour. 
Time has not Mtherto permitted me to make use of it. 
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Mixture of equal volumes of chloride of carbon, C'Cl^, 


and sulpliwret of carbon. 






Elsntir forr<t of 


Klajilir forrr of 




Tempccmtaxvif 


Um vaooor of Um 
wataM. 


Um Tspoar of Mil- 
(kaMt«f caibm. 


th» Tipour of 


o 




189-3 


RK'A 


13-32 


183-32 


998-6 


68-7 


18-84 


229-15 


285-0 






267-53 


3333 


lOd-8 


98-44 


307-41 


882-2 


198*7 


30^64 


358-81 


445-4 


1473 


337R 


400-47 


497-6 


168-0 


36 -53 


444-34 


549-5 


187-8 


42-35 


549-91 


068-8 


236-0 


48-48 


affi-w 


814-0 


990-9 


Miaghare of 60 parts of sulphuret of carbon and 145 pwrU 


of chloride of carbon, C* CI'*. 




11-98 


143-89 


2161 


64-4 


91-00 


906-n 


8U-0 


98-9 


3512 


349-23 


599-8 


177 6 


41-50 


43652 


6495 


2285 


The second day 18*7U 


188-39 


283 6 


87-8 


Ttethliddij 18-16 


149-97 


997-0 


68-9 



The twa mizttures of sulpharet and chloride of carbon conse- 
qaently present the same fact that we have ahready seen to occur 
with mixtures of »ther and sulphnret of carbon ; the tensions of 
their vapours are weaker than those of the most volatile liquidi 
and intermediate between the tensions of the two liquids com- 
posing the miztnre. 



Mixture of benzine and alcohol. 





ElMtk foftc of 
Ike vapour of the 
mixture. 


Fliutic fore* of 
the vajK)UT of 

bene ine. 


ElMtk force of 
the vapour of 
alrohol. 


722 


43-17 


404 


20 1 


9-98 


50-93 


46-8 




1311 


80-60 


84-4 


299 


1605 


09-43 


62-7 


35-0 


1859 


70-85 


71-0 


41-0 



The mixture of benzine and alcohol consequently ^ve vapours 
of greater tension than those of the most volatile ! ^uid, which 
was not observed with the preceding mixtures in the proportions 
of which they were composed. 
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The preceding: experiments relate to the elastic force of the 
vapours furnibhud by luixlurLs of volatile liquids in the static 
condition, that is to say, when the space coutainiug the liquid 
and the vapour is kept at a constant temperature. It became 
interesting to study them in the dynamic state, that is to say, to 
determine the temperatores presented by the vapour and the 
liquid when the mixture is ooiled under different pressures* 
My experiments have hitherto been made only upon mpid mix- 
tures of the first cbss, t* « • upon those composed of liqmds which 
exert no sensible solvent action upon each other, and which con- 
sequently remain superposed. 

Here we must distinffuish two cases ; that in which the more 
volatile liquid forms the upper stratum, aiul that in which it 
forms the lower. It is to the latter that I have principally 
directed my attention, as it is for tiiis that we may hope to obtain 
the most constant residts ; the vapour of the more volatile liquid 
is then compelled to traverse the less volatile supernatant liquid, 
and is therefore placed in favourable conditions for becoming 
saturated witli it. Nevertheless the phtcnomenon appears to be 
very cornplrx, because it depends upon tlic greater or less vivarif v 
of the ebullition. When the ebullition is its trTiipn at lu c 

is found to be that at which the ^noi of tlie tuiibions of rhi- t wo 
vapours is iu equilibrium with the pressure opposed to the ebul- 
lition ; but if the lire be rendered more active, the ebullition 
becomes very violent, the temperature ii>es, and finallv attains 
the point at which the more volatile liquid would boil under the 
same pressure if it were alone. It is probable that passages are 
then formed in the upper stratum of liquid, and that the vapour 
passing without obstacle docs not sensibly cany up vapour from 
the less volatile liquid. These irregularities arc particularly 
remarkable when ebullition takes place under low pressures. 

Part Y. — Researches undertaken to determine whether the solid 
or Uqnid state of bodies exerts any influence upon the elastie 
force of the vapoun which they emit at the tame tenperahare 
in vacuo. 

In my preceding researches upon the dastic force of af ueous 
vapour, I have endeavoured to ascertain whether the solidifica- 
tion which water undergoes when its temperature descends below 
0^ C. exerU any influence upon the tension of its vapour. For 
this purpose I made a great number of determinations of the 
elastic force of the vapour emitted by ice between —32^ and 0° C. 
I have ascertained that the curve constructed upon these experi« 
ments presented a perfect continuity with that given by the 
elastic forces of the vapours furnished by liquid wat^ at tempe- 
ratures above 0^ C. 
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I have since made aimilar experiments upon two volatile 
liquids which solidified at a readily obtainable temperature^ 
whilst still presenting a t^aioo sufficiently strong to be mea- 
sured with precision^ These are hydrocarburet of Dromine and 

bSDXUMiv 

We may therefore admit, as proved by experiment, that th4 
molecular forces which determine the sokd^ficaiion of a wbstand 
exert wo muible h^fiuence Hfom the tention of Uo ve^paur io 
vacuo. 

But 1 attached particular interest to similar researches made 
upon monoliydrated acetic acid. This acid is solid up to a tern-* 
perature of +16° C. ; but when once liquefied^ its congelation 
presents great difficulty, it may be rnnlcd sometimes to — 8° or 
— 10° C. without solidifying, rveii when the flask cnntaiinii2: it 
is briskly shaken. The soliditication takes place immediate !v 
when the surface of the liqnul is touched with a glass point, or 
when a crystal of solid acid is tbiowTi into it. Monoliydrated 
acetic acid consequently presented rne with an instance of a 
substance, the tensiuiis of the vapour emitted by which, both in 
a s^^lid and liquid state, might be determined through a consi- 
derable extent of the tbermometric scale. 

The acetic acid employed in the twu Hi st series of experiments 
was taken from a mass of 1 kilogramme, whicii to all appearance 
solidified completely; but, for more certainty, only the last 
solid frairments which remained after the liquefaction of the 
greater part of it, were taken. 



First Series, January 12, 1844. 
Temperatnres. ElssHe forces. 

o nun 

6- 55 6-87 
4-36 5-63 

7- 62 6-83 
10-09 7-80 
1 1 13 1002 
1709 11 61 
19-91 13-56 

The add remained liqnid throngh all these temperatures. % 
make it crystallise, the water was taken out of the trough and 
the balloon was made to vibrate strongly, btit without success. 
These vibrations at last fractured the mastic which established 
the communicatioD with the manometer, and the experiment 
obliged to be stopped. 
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Second series, Janmry 18. 

In thitf second series the balloon was surroonded by a freexing 
miacture to cause the congelation of the acid. 





Sbalie fonai. 








f ! -36 


mm 






ma 




5-88 




[~&e» 


4-97 




381 




-2-40 


3-90 








a* 




3-85 




10-95 


8*48 1 








1313 


9-29 




r-7-55 


3-25 


i 


1474 


10-2.J 




-5-83 


3-56 




18-23 


12-34 




-4-24 


3-93 




7-21 


6-64 


Solid 


-9*56 


4-96 


cr 


552 


5*97 1 


-0-82 


4-71 


819 


701 ' 




-0 


4-89 




10 91 


812 ; 
10-87 i 
6-27 


The soiidiiication of the acid oaiv took 




15-92 


placetowaidi — 7*C. 


At the momeiit hImii 




8-09 


it took place, the tension suddenly increased 






4-83 


con8ider!d)ly, which must be attributed to 








the initaataaeoiM difcngagement of the la> 








tent heat of nttton. 





If the curve of the clastic forces be constructed from these 
elements, it appears that the solid and liquid acid give two sepa- 
rate curves which probably unite at the point of fusion ; the 
curve of the solid acid is constantly above thnt of the liquid acid, 
the tensions of which are always weaker at equal temperatures. 



TkM Series, 

As it was feared that the acid employed in the two former 
series niipht have contained a little water, it was distilled over 
anhydrous phosphoric acid. But it was found that a certain 
quantity of acetone was then always formed. To separate this 
the substance was again distilled, only the last quaiter of the 
product being collected ; upon this the experiments were made. 







BlaiticfNvai* 






f-40 


mm 






February 1. 


6-22'1 




a 


10-33 

12-25 


7- 28 

8- 05 








16-18 


9-39 




On the Ist ol lelmUBy the 




18*79 


11*87 






%Vhl 


13-26 


^ Liquid 


acid resisted a temperature of 




12-24 


803 


— 6°-38C. without solidifying; 




- 6-38 


3-21 


whilat on the 2iid of Febniary 


Fdmiary 2. 


11<09 


7-52 




it lolidiilcd in ndtuig iee. 


8-61 
701 
5-35 

303 


6-67 
6-06 
5-59 








000 


3-781 




Tlie experiments could not 




1-23 


4-021 


> Solid 


be continued further, bccauae 




8^51 


4<89| 


idd. 


oiM thft tobfli of eonuiiiinl- 






5*18 J 




estimmsbntai Sflcidmslly* 
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The solid and U<}aid acid stiU present two curves^ but the 
eurve of the solid acid is constantly below that of the liquid acid* 

Fourth Series, February 3. 

The fourth series was made with acetie add distilled a second 
time over anhydrous phosphoric acid. The same fact was ob- 
served as in the third series ; that is to say, two separate curves^ 
that of the hquid add having the larger ordinates. 





BbsticfoM. 


TeBpantuNik 






r V-M 


mm 


Liquid ^ 
acid. " 


r 1-32 


8*96 




7-09 


5-5.1 


354 


4-50 




717 


5-57 


1 677 


5*14 






642 










12 12 


7-33 




r 0 00 


3-23 


Liquid 


14-87 


8 59 




357 


406 


17*23 


9-85 


Solid 
acid. 


6-92 


5-08 




S9-87 


ia*i5 


9-96 


6*28 




25-28 


15-36 


11-49 


6-97 




19-84 


1147 




1 2 43 


7-48 




19-84 


1144 




^1314 


7-86 






579 


Liquid ' 


14-33 


8-42 



I think that the anomalies presented by monohycbrated acetic 
acid may be explained by the presence of very small quantities 
of foreign substances. The acid obtained by simple crystaUiM* 
, tinn probably contained a very small qnantity of water in excess, 
whilst the distilled nrid contnined a little acetone. As long as 
the arid is lif^uul, the fortiirn matter is disseminated through its 
whoi( nv.i^s, and does not exert any sensible influence upon the 
tension of the vapour. But this is by no incansi the case when 
the acid becomes solid ; then the foreign iiiatt( r separates, in 
combination with a smaller qnantity of acetic aeid, and its influ- 
ence upon the tension of the vapour thus becomes much more 
remarkable. 



ni. On the Heat of Vigours. 
By Sip J. W. LiTBBocK, Bart,, F.R,S,* 

IN my Treatise oti the Heat of Vapours, p« 2, 1 gave the fol- 
lowing expression : 

* Commiinifated by the Author. 
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In this expression y, and E are constants, d and/) are corre- 
sponding temperatures and pressures. 

1—7 1 
If '^09 and if -+^sisr, r being the abaolate tempeim- 

ture, the following equation i9 eaaily obtained ; 

if// )>p tal<('n pfjiinl to unity at the boilini2:-])()int of the ^Uld, 7* 
is the abauiute temperature at that boiimg-poiutj 

log I? = i log ^ + ^ log 1^ 1 + . 

This formula resembles that given by Mr. Rankine in the last 
Number of thia JToumal, inasmuch as it expresses the logarithm 
of the pressure in a series proceeding according to the negatiTe 
powers of r. 

In my treatise above referred tO| the following nnmerieal 
vaLoes are given for water : 

B==M7602, ^='0\U; 

but havmg gone over the work again, I Hod the slightly diiierent 
values 

£=118028, /3= -01372 J 

T»448^4- number of degrees of Fahrenheit, i^esdaO, and the 
pressure being reckoned in inches of mercury, 

iogi»=672io6+[i-862ej^9]iog|i- P:29?52S.j., 

or the pressure being expressed in miUimcUcs of mercury, and 
the temperatures in Centigrade degrees, 

log/i =8-12766+ [1-8626459] log 122:^22221^ 

From the same three observations of M, Ilcgnault that Mr. 
Rankine used in his paper in the Edinburgh Philosophical 
Journal, vol. xlvii. p* 81, to determine the constants in bis for- 
mula, I found 
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/9« -02191, 

2^=1*29226 (the pressure reckoned in atmospheres), 
log^«7'962964- [le&Wm^ log 1- iilH^Eiil j. 5 

the preifure being expressed in millimetres of mercury, and the 
temperature in Centigrade degrees, the absolute zero being sap- 
posed to be 274° Cent, below the temperature of melting ice ; 

the quantities in square brackets throup:hont being the logarithms 
nf tlie numbers whose places they occupy. But nlthongh this 
expression represents nil Heirnuult^s observntioTi'^ wry well, it 
deviates in places more than Mr. Kankine's iui [iiuhi. 

These expressions appear to have nothing!: m conmion with 
those |j:iven by Mr, Wateraton in the i^hiiosophical TrausactiouB^ 
part 1, 1B52. 



IV. On the Hrine'SprvKjii of IVdiccstcrshirc. By A. Beauchamp 
NuRTUcoTE, i^eniurAssuluiii m tJuiJioyal Collegeof (Jiiemistry** 

THE deposits of rock*8alt which occur in the -earth's crusty 
and the brine-springs which at various places rise to its 
surface, appear to be confined to no particular series of strata, 
but to be distributed somewhat indiscriminately. Thus, the in- 
exhaustible mines of WieHtzka in Gallicia, the deposits nt the 
base of the Carpathinii mountains, as well as those in many 
other phices in central Europe, are t'oimd in the Terti;irv: in 
some })arts of Germany, again, saU is obtained from strata equi- 
valent to our New Kcd Saudstoue; in the Austrian Alps, an 
impure deposit mixed with clay and *:r\'psum occurs in oolitic 
limestone; whilst in many countries, hficI even in l]ngland, salt- 
spriuLT- burst out of the carbvtnKi i mis and older rocksf. 

The great English deposits, however, exist in the upper mem- 
bers of the New Red Sandstone, in the red and green marls of 
that system; which has occasioned the appiicatiun of the term 
saliferous *' to the whole series of rocks of which it is composed; 
a term which Sir R. Murchison, in his * Siluria,* ^hows to be 
incorrect, inasmu 'i as the middle and upper members of that 
group are destitute both of rock-salt and sahue waters. These 
salt-produciug strata of the New Kcd Sandstone lie both in 
Cheshire and Worcestershire in a basin of Lias : at Noi-thwich 
in Cheshire, mass^ of rock-salt exists 00 fiset in thieknessy 1400 
yards in breadth, and a mile and a half lon^; and from a bed 
still lower, salt has already been removed to a depth of 110 feet { : 

♦ Communicated by tlie Author. 

t Murchison's Silurian System, vol. i. p. 31. 

X GeokeMTkiiiiaelidBB, 01d8erie8,toLi*p.46. 
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in Worcestershire, the deposits, although large, do not appear 

to be on so gigantic a scale ; the whole depth of the rocks con- 
stituting the matrix has been estimated at upwards of 600 feet; 
and from some observations published by Sir Charles Hastings 
some years since, on the sections diselosed by the sinkings at 
Stoke Prior, the layers of salt in this reprion vary from mere 
veins to depositjs of more than 30 feet in thickness*. 

The brine-springs of Droitmch are stated by Sir C, Hnstnigs 
to have been in use in the time of the Romans ; but the exist- 
ence of ch jjosits of rock-salt does not appear to have been sus- 
pected uiitii about thirty years ago, when a person aequamted 
with the features of the salt district of Cheshire, upon exanuiuug 
the geological peculiarities of the marls at Stoke Prior, a place 
nearly foui* miles to the N.E. of Droitwich, gave it as his 
opinion that rock-salt would be found there in sufficient (juan* 
tity to make the working profitable. Shafts were accordmgly 
sunk, and both salt and brine found : of the latter th^ speedily 
availed themaelTes, but I am not aware that tiie roek-salt has at 
any period been quarried, as in Cbeshire ; probably the eartent 
of the de|>08its found on sinking the shafts did not warrant sneh an 
nndertsking^ or perhaps tbeabundanee of the issuing salt-spring 
presented a more immediately available and less expensive source 
of the desired substance. At both places (Stoke and Dr6itwich) 
a shaft of considerable diameter is sunk and lined ¥rith an iron 
casing; in this the pumps which remove the brine and conv^iit 
to the reservoirs are fitted, and from the bottom of this upper 
tube a narrower pipe is carried down to a considerable depUi, 
until, in fact, it reaches the subterranean brine chamber. The 
depth of the iron casing at Droitwich is 150 feet, that of the boring 
below 25 feet ; and so abundant is the supply of brine, that if 
the pumps cease working, the shaft is speedily filled to within 
9 feet of the f?urface. At Stoke tlie supply appears now to be 
equally mexhau'^tible, although 1 belifve tliat in Jornier years it 
failed ; but the present proprietor has bored deeper than his 
predecessors, and has by means of a shaft 225 feet dee]), and a 
boring of 8 18 feet more, succeeded in breaking through the 
drier and more superficial (b posits, and has no doubt penetrated 
a larger and better supplied reservoir than liad previously been 
opened. 

The brine, thus pumped out of the pilb as fast as it is supplied, 
is treated at both places in a precisely similar maniicr; it is 
conveyed by pipes directly from the pumps into large but shal- 
low reservoirs, which act as feeders to the numerous pans in 
whieh the evaporati(m is carried on. These pans vary in length 
from 60 to 100 feet^ and are about 20 feet broad and 18 incKet 
* Muichison's Sthnisii Syiteni, toL i. p. 31. 
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deep : tha evapontion is condneted raiber npidly in the manu- 
laetora of ordmai^ nit, to prevent its deposition in crjratals of 
too Iti^ a sise; in the ease of bay salt, the crystallisation is 
allowed to be abwer; in the large pans^ however, such is the 
diffiBienee of temperatnre in different parts of the pan, from the 
fomace being placed at one end, that while the fine-graiiu^d salt 
is prodnced at the hottest end, bay salt is the result of the dimi- 
nished temperatore at the other. The salt as it crystallizes oat 
sinks to the bottom, and is continually removed by the workmen, 
who place it in tall boxes having their bottoms pierced ; in these 
the salt is allowed to drain and settle, and is shortly ailterwards 
removed in the form of a consolidated block and placed in the 
drj^ing-rooiii. The fine ??nlt^ which is not sent to the niRrket in 
blocks, is drained and (11 1 ci I m conical wu k( r baskets, frmn which 
it is easily shaken out a^- a rou^li powder, whilst the bay salt is 
merely removed from the pans by the shovel. 

Formerly the brine reservoir beneath Droitwieh was drawn 
upon in several pl;u ( s, each proprietor sirikui'^ a shaft for him- 
self; but by degrees tht ^c shafts have all, with one exception, 
fallen into the hands of a single firm, that of Messrs. Clay and 
Newman, who finding the snp|>ly afforded by one shaft quite 
siifficieiit for their purpose, have clisioiitiimed working the others. 
This brine 1 have examined, and the results obtained will be 
found below : the brine yielded by the other shaft to which I 
have alhided I have not analysed, since as it is sunk within 50 
tet of that belonging to Messrs* Clay and Newman^ the proba- 
bility is that eomposition of the two waters is identieaL 
What has been said <n the sinkings at Broitwieh applies in a 
great measure also to those at Stoke Prior; at this latter place 
uiree or four shafts are in aetbn^ all within a very short distance 
of eaeh other, I therefore considered it useless to examine the 
water from more than one» thinking them to be not sufficiently 
iar removed from one another to furnish brines having any 
material difference in their composition. The water which I 
took at this place for the purpose of analysts was that obtsined 
at the works of Mr. J. Corbett. It will be seen by reference to 
the tables which follow, that two analyses of the Droitwieh spring 
have been made : the water for the first analysis was kindly sent 
me by Sir C. Hastings in the January of the present year, that for 
the second was taken at the same time as the Stoke brine, in 
Autrust In'^t. This second examination was ninde eliiefly for the 
more accurate comparison of tlie two waters, but i[ al-o serves 
to show that the composition of this saline spring is ahnost 
invarial)le, the analyses having been made at the most opposite 
periods of the year. 

It was soon found by the qualitative examination of both 
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waftertj that the only bodies exuting in quantity tufficient to 
admit of their amount being deternuned, were eoda, lime and 
magneaia, chlorine and Milphiirio acid ; free carbonie add waa 
indeed pieieat, bat it wai impossible to take ih» brine 6om the 
pits, and as they issued from the delivery pipes in a state of 
mm, any attempt at the determination of this gaseous eonsti« 
tnent was rendered useless : the existence of other substances 
was also ascertainedj but their amoont was so small as effectu- 
ally to elude detection, unless a considerable quantity of water 
was operated upon. The«^e waters contain 25 per cent, of solid 
matter ; the evaporation of a comparatively small bulk of brine 
therefore yielded a residue which soon became cumbersome; 
nearly two pill on s of the Droit wich brine, and rather more than 
one of that obtained at Stoke, were, however evaporated. The 
plan of proceed iTii^: was to eva])orate to a small bulk, and to test 
portions of tlie mother-liquor |)f>nrcd off from the deposited 
salts; first, for bromine and mdnK^, by evujioration to dry- 
ness and exhaustion with alcohoi, lepeatini: tin proei ss until 
a sDiall saline residue was obtained; this was then examined 
in the usual manner by mixiug thoroughly with starch-paste, 
and adduig a sinirle drojj oi nitric acid. Secondly and thirdly, 
for potassa and lithia, by the appropriate and well-known 
methods: the residiu; -(|);iratcd from the mother-liquor was 
exhausted with nitiic acid, and the acid liquid examined; for 
iron, by converting the nitric into an acetic solution, and test- 
ing with ferrocyanide of potaaaium; for manganei&c, by Mr. 
W, Cramps method, the reaction of hbunide of lead; for phoa* 
phorie acid, by the action of molybdate of anunonia ; and for 
alumina, by igniting the solid produced bv evaporsting the acid 
solution with nitrate of cobalt. The residue insoluble in nitrie 
acid waa further tested for fluorine and stronlla bv first submit- 
ting it to the process for nroducing hydrofluosuicie ae&d^ and 
then examining the insoluble residue resulting from that process 
for strontia. Nitric acid and ammonia, arsenic, antimony, and 
tin were tested for in separate portions of each water. 

As these brines closely resemble each other in their largely* 
occurring constituents, so do they also in the traces of substances 
which they contain. Careful examination of a portion of the 
mother-liquor, equivalent to half a gallon of the water, has shown 
in the case of each the presence of a minute quantity of bromine, 
but iodine appears to be totally absent : another portion of the 
mother-liquor, representing about a quart of brine, has in both 
instaiiePH yielded a distinct trace of ])0tas8a, whilst no evidence 
of the presence of lithia has be( n obtained. In the insoluble 
residues a distinct trace of iron has been Joimd; manganese, 
however, aa imght iiave been expected wlieu ao tmiail a quantity 
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of iron was present^ was not to be recognised. Umnifitakeable 
eTidenoe of tiie pveMnoe of phofphorio add waa obtained in botb 
waters, upon the addition of a small quantity of the nitrio aeid 
•diition to a quite colourlesa and nearly dry mixture of nitric acid 
and molybdate of ammonia. The aeansh for fluorine and atrontia 
baa been nnaacoeaafiil; nor have any traces of nitric acid or am* 
monia» antimony, arsenic, or tin been discovered ; but on passing 
sulphuretted hydrogeu through portions of the brines addifi^ 
with hydrochloric acid, a slight but decided brownish tinge was 
obaorved in both cases, such as is produced by the same reagent 
in a solution containing about i^^tlth of its weight of lead : 
this I would suggest might be due to the presence of a nunute 
trace of chloride of silver dissolved in the chloride of sodium, 
abee that metal has been found in rock-salt in small quantities* ; 
so dceedingly trifling is its amount, however, that my attempts 
to isolate it have been fruitless. The following are the preUmi- 
nary obsarvationa made upon the waters^ and the direct results 
of their analysis: — 

Drottwieh brine. Stoke Mne. 

Janaaiy 1864. Augoit 1854. August 1854. 
Speeifie gravity 1-1898 Tl792 72044 
Temp, of air . ... 76°'5 P. 75^ F. 

Temp, of brine 54°-5 P. 65° P. 

Reaction • . • slightly alkaline, slightly alkaline* 



Table of direct results of analysis calculated to 100 parts. 





Droitwick biioe. 


Stolw bfiiM. 


Jtmmgf, 


Aqgut. 






I. 


II. 1 Meu. 


I. 


II. 


Mean. 


I. 


11. 


Meaa. 


liuassHa 

Sew)Qioiide 1 

of iron ... j 

BfOHlbM •«.... 

Sulphuric add. 
Phosphoric 1 

SiBnc flcid ... 


•••••• 

19*5798 
•1508 

om 

141344 

'•4256 

•••••* 


12-5929 
•1530 
•0S04 

141860 
•4S69 


12-5864 
•1519 
•0900 

tnet 

141359 
trace 
•4269 

tnoe 


121501 
•1581 
<0167 

18-6167 

•4886 


121217 
•1612 
-0159 

18-6899 
•48/6 


trace 
121359 
•1596 
•0168 

tno8 

18<6948 

trace 
*488] 

tnce 

Inoe 


137804 
•1102 
•0187 

18*4479 
•4896 


18-7754 
•1049 
•0148 

154916 
•4880 


trace 
l;>7779 
•1075 
-0165 

• tnoe 

154697 
trace 
•4888 

tnoe 

tnoe 


Residiie on 1 
^Biact Sfa* V 
panrtiiMiM* J 


94'S979 


941816 


84*9064 


ia-4905 


88*4908 


88*4906 


96-4638 


96^4866 


96*4749 
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Since gypsum is an invariable constituent of rock-salt strate^ 
it is reasonable to sappoie that it diaioives as aucfa in the brine ; 
and as its solubility is increased by the presence of sulphate of 
soda and chloride of sodium*^ I have ventured in the anange- 
ment of results which follows, to calculate all the lime as sul- 
phatCj although were it not for the presence of those salts, it 
would be a larger per-oentage than the water would dissolve. 



Tabic of constituents calculated lu lOUpai'ts. 





UraitwIchMae. 




Jiiiuuiiry. 


August. 


Aogtut. 


Phospliatr of lime 

Phosphate of sesquioxidc of iron . 
SUict 


23-2932 
trace 

•3712 
•3(190 
•1362 
•0480 

••••«• 

•••«•• 

trace 


22-4521 
trace 
trace 

•3905 

-m^ 

•1157 
•084S 

trace 
trace 
traee 


25-4923 
trace 
tmee 
•5948 
-2612 
•0161 
j «(NI47 
trace 
trace 
! trace 








24 2136 


23. '1804 




Solid reodoe Iqr direct evapo- 1 


84-8064 


83-4805 


86-4748 



In the tabic which follows neit^ I have given some results 
obtained by Dr. Daubeny in an examination which he made of 
the Droitwich brine in ISSOf. In his paper he states the con- 
stituents in a pint, and in that quantity was unable to detect 

the presence of broininr or iodine; there is no doubt, however, 
as he has observed, that it tar larger quantities were o])cratcd 
upon, both these elements would be found; of the tormcr of 
them, mdced, 1 have shown a slight but still distinctly recog- 
nizable trace to exint in about half a gallon of the brine; and 
there is every piububiliiy that iodine also would be found by 
\v(jrkiDg on a larger scale. I have also introduced the results of 
an analysis made by Mr. Homer in the year 1812 at that 
time there were no fewer than tive pits in Droitwich from which 
brine was drawn. The specific gravity of the different specimens 
he states to vary from 1 '20611 to 1-17471, and the amount of 
salts in a pint to range between 2«i89'75 and 1922*97 grains ; 
the results ealcolated in his paper to the pint^ I have (as also in 
the case of I)r. Daubeny's experiments) reealcnlatod to the im- 

* Gmelin's IIiuul1)ook, vol. iii. p. l?*^:?. 

t Transactions of the Uoynl Society for T^'^H, 

X Geological Tran^actious, Old Siiries, vol. ii. p. 94, 
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pmJ gallon. It wiU be Men that the analyris which he made 
comcides more nearly with mine of the 8toke brine; bat it 
aiiut be xemembered that at that time no shaflta had bran sunk 
aft Stoke^ a cireamstanee which might materiallj influence the 
neighbonring brine-spriDgs. Mr. Homer also had the choice of 
five biuiee^ of which he natoially selected the strongest. Con* 
aidering^ however, the lapse of time (more than forty years) 
between the two analyses, and the change which the methods of 
manipfolation have undergone in the interim, they seem to me 
to bw sufficient resemblance to each other to prove that no 
material alteration has taken place in the composition of the 
brine ; and among many similarities, two are worthy of remark. 
The temperature which he gives as that of the brine is 55° F., 
whilst that which I observed, it will he I'emenibered, was 54'^-5 F.; 
and he also states in his qualitative cxainination, that by the 
ndditi<)n of rmmoTiia to the water, a sliirht turbidity was occa- 
s'.oiicd, diiL" doubtlcsj to the piY> lire of a small quantity of the 
phusphates of Hijil' or iroii (aliuiniin bi^inir absent, rjid silica 
virtually so). Tiiis is a circuuistauci- which i also observed, and 
sul'Scqucntly found enough phosphoric acid to account for its 
occurrence. 



Tabic of constituents calculated to tlie gallon. 





l>raitirieh brioe. 


Stoke brioe. 


Honur. | Uaabdlr. 


ianaai7 IdU. 


- 

Augttrt 1854. ! 


AngiutlSSi. 


Chloiide of magnesium . 

Sulphate nf so ta 

Carbouate of soda 

Carbonate of mi^Basia. 

Solid contents 


215855 
168 

4070 

363-7 


16910 
17460 


19392 570 

309 097 
307-282 
115- 123 
88*50t 


18:^32-886 1 
322 334 
95519 


21492^8 

501-539 
220-2 10 
13 573 
S9M 




33373-0 




20157-573 




aS866-688 



in that exodknt paper of Br. HoUand'e on the deposits of 
ioek*8alt in Cheahire^ to which I have before referred*, he states 
that the beds in that county have their longitudinal extension in 
m line drawn £rom the N,E. to the S.W., and that their greatest 
thickness is at the N.E. extremity, from whence they thin out 
as they approach the S. W. From what is known of the deposits 
in WorcestenhirOt it would appear that they also follow some- 
what of the same method of arrangement. Stoke and Droitwich 
stand to each other in the relation of N.£* to S. W. ; and from 
the fiict of brine being found at both points, and that of very 
nmilar composition, there can be little doubt of a continoity of 
* Geological Transactions, Old Series, toL i. 

PkO. Mag. S. 4« Vol. 9. No. 56. 1855. B 



Dlgitizec Ly v^oogle 



84 Mr. A. B. Northcote mi the JUrine-^n^ WQTce$Unhir€* 



the ttimta firom wbieh it ii produced betweeo the two pleeei ; it 
the mne tune^ the poeubihty of the eztenrioii of the roek-sdt 
Vkf at leaet on one nde^ confined to that diiietiott^ ainoeat Fomt 
I£iU» near Hanbnry*, a place about two miki aouth of a line 
joining Stoke and Droitwich, outcroppings of Lias arc found, 
whichj aa thev indicate the termination of the New Red Sand- 
atone, show also of necessity that of the rock-salt. Whether aa 
great a similarity exists between theae two great English depoaita 
in their ehape aa in their direction, cannot so readily be inferred, 
since it is of course doubtful whether at either of the explored 
parts the lowest limit of the salt has hitherto brcn reached; yet 
since the level of the 2:round at Stoke is from 300 to 400 feet 
higher than that at Droitwicli, and thi^ productive salt deposits 
there do not appear to bejjin until the borings have been sunk to 
about the level of the iornier place, it would seem that in the 
Worcestershire salt beds no such thiuuing out in a south- 
westerly direction takes place. 

ThcjiC brines doubtless spring from large subterranean reser- 
voirs, produced probably in the tirat instance by the solvent 
action exerted on the rock-salt by spring- or rain-water. That 
this IS so at Droitwich is clear tVom what Mr. Horner states as 
having occurred on the iirst sinking of a shaft at that place ; he 
aajra^ that after penetrating for 150 feet^ the borer suddenly de- 
scended 22 inchest ; the roof of the brine chamber had eridently 
been broken through^ and the water instantly burat into the 
tube and gushed ihnn the, aperture with great force* Thia 
account ia confirmed by obeervationa of the aame kind made at 
Stoke Prior; but owing to the greater elevation of the land, the 
brine when ''tapped'' rose only to within 90 feet of thu surface, 
but its aaoenaion in this case also was very rapid. The idea of 
iextenaive cavities filled with brine existing beneath these places, 
also receives additional aupport from the distinct sinking of the 
grofimd around theaalt-wwksat Droitwich i at that piaoe^ t. «. at 
which the subterranean resenroir would be nearer the surface, and 
where consequently the intervening strata would present a lesser 
obstaele tf) the filling up by a more solid material of the space 
rendered vacuous by the reiTioval nf the brine. We can readily 
coiicri\ <' the incrssant action of tlic pumps to gain in tiic course 
ot years upon the supply by which the chamber is leplt amhed, 
and an occurrence of this sort is exactly that which might have 
been predicted. 

It is thought by })cr9on8 on the spot, that a stream of bnnc 
passes from Stoke to Droitwich^ and is at once the sourre troin 
which the supply at both jjIjipcs is derived ; aud uiihuugh at lii-st 

* Murchi'^oii'-^ Siiurum Svstrm, vol. i. j). '^2. 
t Gcuiugic»i TrausacUons, Uid Sehe», vol. ii. 
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this might appear most probable^ when we remember that (taking 
into oonsideration the difierence in the lerel of the localities) the 
same depth has to be reached before the brine can be obtained^ 
yet I cannot bat think that one etrenmstance tends to show that 

this view is not the correct one ; for if such were the case^ the 
brine should in each instance rise to tlic same level in the dif« 
ferent shafts when left undisturbed by the action of the pumps. 
Now under these conditions^ the height to which it ascends at 
Droit wich is about 166 feet ; whilst at Stoke, starting from very 
nearly the same level, the column of water rises to a height of 
4B3 feet ; this of itself is sufficient to show that no direct com- 
munication can take place between these two springs without 
supposing a violation of one of the first principles of hydrostatics. 
It might then be thought that a reference to the analyses before 
given might decide this question ; but on comparing tlie consti- 
tuents of the two waters, we can easily see that, taken alone, they 
prove Tintliing, since the differences are such as nnght readily be 
found in the same water when passing over slightly differing 
deposits. If the stream ran from Stoke to Droitwich , we might 
suppose that in its course it met with strata coiiLaiuiug more 
sulphate of lime than it had as yet encountei ed, and at the same 
time was somewhat diluted with streams poorer in chloride of 
sodium ; but I rather incline to think, that even from the com- 
position of the brines, there is no reason to suppose that such a 
direct comnmnication exists: their great similarity may easily be 
accounted fur by supposing an equal similarity in the composition 
of the entire strata of rock-salt from which they are derived. 
Numerous freshwater streams occur in the higher parts of theae 
depoflitBj in fact^ no less than three ate encountered^ and have 
to be guarded against in the Stoke shafts, and theae doubtless 
fed bv rain-water permeate the strata in various direetionSi and 
dissolve the rock*aalt with which they come in contact. Mr* 
Corbett informs me that the aalt from which his brine is drawn 
ii perfeedy transparent, which clearly accounts for the h/A of 
tiie Stoke brine containing less sulphate of lime, while the some* 
what diminished strength of the Droitwich brine is probably due 
to the leas perfect exclusion of the freshwater springs of the 
upper strata from the shaft which reaches the reservoir. Their 
striking similarity in other respects, the identity of their tem^ 
ratnre, and of the traces of substances which they contain, point 
to an identity alao in the composition of the deposit from which 
they are formed, of the solvent which renders them avaflable, and 



I cannot conclude without expressing my thanks to Sir Charles 
Hastings for the assistance which he has afforded me in obtaining 
the Droitwich water, and also to Messrs. Clay and Corbett ioa 
the valuable information which they have given me on the subject. 
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V. Note 4m the Possible Density of the Luminiferous Medium 
and on the MechametU Value of a Cubic Mile of SunUffhi. 
By Piofesflor William Thomson 't^. 

THAT there ninst be a medium forming a continuous material 
comuuiTiirati on throughout spacc to tbe remotest visible 
body is a fundaiuciUal assumption in the undulatory theory of 
light. Whether or not this medium is (as appears to mc most 
probable) a continuation of our own atmosphere, its existence is 
a fact that cannot be questioned, when the overwhelming evi- 
dence in favour of the undulatory theory is considered; and the 
infestigatioQ of its properties in every possible way becomes an 
object of the greatest interest. A first question would naturally 
occur, What is the absolute density of the luminiferous ether in 
any part of space? I am not aware of any attempt having 
hi&erto been made to answer this question, and the present 
state of science does not in fact affbra sufficient data. It has, 
however, occurred to me that we may assign an inferior limit to 
the density of the luminiferous medium in interplanetary space 
by considmng the mechanical value of sunlight as deduced in 
preceding communications to the Royal Society from Pouillet's 
data on solar radiation, and Joule's mechanical equivalent of the 
thermal unit. Thus the value of solar radiation per second per 
square foot at the earth's distance from the sun, estimated at 
'00 of a thermal unit Centigrade, or 83 foot-pounds, is the 
saiiif n*^ the nierliaiiical value of sunlight in the luminiferous 
mtdiuni through a space of as many cubic feet as the niuuber of 
linear feet of propagation of liglit j)cr second. Hence the me- 
chanical value of the wliole energy, actual and potential, of the 
disturbance kept up m the space of a cubic foot at the earth's 

distanoe from the sunt, is ^ ^ — or ^of a foot- 

pound. The mechanical value of a cubic mile of mi ii light is 
constqm ntly 12050 foot-pounds, equivalent to the work of one- 
horse })uwer for a third of a minute. This result may give some 
idea of the actual amount ol mechanical energy of the luimui- 
f(;rou8 motions and forces within our uwn atmosphere. ]\lcrely 
to commence the illumiuatiou ol three cubie mile^, requires an 

* From the Tnmsactioua of the Royal bociety of Edinburgh, toL 2uu. 
pirt 1 ; Ksd May 

t The medumical value of sunlight in any space near the sun's surface 

must be greater than in nn equal space at the earth's distance, in the ratio 
of the square of the earth's (Ustance to the square of the sun's radius, that 
ia, in the ratio of 46,400 to 1 nearly. The uiecliauical valuu of a cubic foot 
el sunhght near tbe lun must, therefine, be tbout "0038 of afoot-poond* 
and that of a cubic mile 660,000,000 fbot-pomids. 
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amount of work equal to tbat of a hone-power for a minute ; 
the same amount of energy exists in that space as long as light 
coftttinues to traverse it i and, if the source of light be suddenly 
stopped, must be emitted from it before the illumination eeasea'i'. 
Tlie matter which possesses this energy is the lummiferous me* 
diom. If, then, we knew the velocities of the vibratory motions, 
we might ascertain the density of the lumini£erous medium ; or, 
oonversely, if we knew the density of the medium, wc might 
determine the average velucity of the moving particles. Without 
any such definite knowledge, we may assign a superior limit to 
the velocities, and deduce an inferior limit to the quantity of 
matter, by considering the nature of the motions which consti- 
tute waves of light. For it appears certain that the amplitudes 
^the vibrations constituting ituliant beat and light must be but 
small fractions of the wave lengths, and that the greatest velo- 
cities of the vibrating particles must be very small in comparison 
with the velocity of propagation of the waves. Let us consider, 
for instancr, plane-pularized light, and let tlie greatest velocity 
of vibration he denoted by r ; the distance to which a particle 
vibrates on each side ot its position of equilibriinn, by A ; and 
th( wave length, by X. Then if V denote the velocity of pro- 
pagation of light or radiant heat, we have 




and therefore if A be a small fraction of \, t' mu:*t aUo be a 
small fraction (277 tmies as great) of V. The same relation 
holds for circularly-polarized light, since in the time diuing 
which a particle revolves once round in a circle of radius A, the 
wave has been propagated over a space equal to X. Now the 
wlmle mechanical value of homogeneous plane-polarised light in 
any infinite^ small spscp contaming only particles sensibly in 
the same phase of vimtion, which consists entirely of potential 
energy at the instants when the particles are at rest at ^e extre- 
mitiea of their excursions, partly of potential and partly of actual 
energ)' when they are moving to or from their positions of equi- 
]ihriam» and wholly of actuid energy when they are passing 
tiifongh these positions, is of constant amount, and must there- 
Ibie oe at every instant equal to half the mass multiplied bj the 
square of the velocity the particles have in the last-mentioned 
case. But the velocity of any particle passing through its 
position of equilibrium is the greatest velocity of vibration, 
wliieh has been denoted by 9; and, therefore, if p .!cnote the 

• 

♦ Similarly we find 15000 horse-power for a minute the amoust of 
work re(^uiied (o generate the eoergy existing in a cubic mile of light near 
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quantity of ▼ibnttngf matter contained in a certain space^ • 
space or unit volume for instancoi the whole mechanical value of 
all die enei^f hoth actual and potential^ of the disturbanoe 
within that space at any time is }/n>*. The mechanical enei^ of 
careularly.polariaed light at every instance ia (as has been pomted 
out to me by Professor Stokes) half actual energy of the revolving 
particles and half potential energy of the distortion kept up ia 
the luminifcrous medium ; and, therefore, v being now taken to 
denote the constant velocity of motion of each particle, double 
the preceding espression gives the mechanical value of the whole 
disturbance in a unit of volume in the present case* Hence it 
is dear, that for any elliptically-polarized light the mechanical 
value of the disturbance in a unit of volume will be between 
^pv^ and pv^, if v ft ill d note the greatest velocity of the vibra- 
ting particlp's. Tlic iiicchanical value of the distm Ijanct' kept 
up by a nuoibcr oi ( tm \isting series of waves of diH'i rent periods, 
polarized m the snniu plane, is the sum of tiie mcrliauical values 
due to each bumogeueous series separately, and the greatest 
velocity that can possibly be acquired by any vibrating particle 
is the sum of the aepar:ttr velocities due to the ditferent series. 
Exactly the same remark api lics to coexistent eerier of circularly- 
polaiized waves of dificicat periods. Hence the mechanical 
value is ceriamly less than half the mass multiplied into the 
square of the greatest velocity acquired by a particle, when the 
disturbance consists in the superposition of different series of 
plane-polamed waves ; and we may conclude^ for every kind of 
radiation of light or heat except a aeries of homogeneous 
)arly-pohuriaed waves, that ihg meckmUal vakte of the diduriance 
kept up in my space u Im than the product of the mm into the 
equere of the greateet veheity aeqwrei ly a wbratmg pariide m 
the varffing phaeee of ite motion. How much leas in sneh a com- 
plex radiation as that of sunlight and heat we cannot tell, be* 
cause we do not know how much the velocity of a partidc may 
mount up, perhaps even to a consideiiable value in r omparison 
with the velocity of propagation, at some instant by the auper- 
poeition of different motions chancing to agree j but we may be 
^ure that the product of the mass into the square of an ordinary 
maximum velocity, or of the mean of a great many successive 
maximum velocities of a vibrating particle, cannot exceed in any 
gi'cat ratio the true mcelianical vahie of the disturbance. Recur- 
rini^, however, to the definite expression for the mechaiiicnl vrIup 
of the disturbance in the caae of homogeneous circuluriy-jn 'hinzed 
light, the only case iu which the velocities of all particles are 
constant and the same, we may define the jnean velocity of vibra- 
tion in any case as such a velocity that the })roduct of its square 
into the mass of the vibrating particles is equal to the whole 
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machanicftl value, in actual and potential energy^ of the disturb* 

anee in a certain apace traversed by it ; and from all we know of 
ibe mecbanical theory of undulations, it seems certain that thia 
veloeity must be a very small fraction of the velocity of propa> 
gation in the moat intenae light or radiant heat which is propiu 
gated according to known laws. Denoting this velocity for the 
case of sunlight at the earth's distance fi*om the sun by v, and 
calling W the mas«? in pounds of any volume of the luminiferous 
set her, have for the mechanical value of the diaturbance in the 
aame anarp 

where g is the nnmber 82*2^ measuring in abeolute units of force^ 
the force of gra\ ity on a pound. Now we found above, from ob* 
88 

eeratioDj y for the medianical value, in foot-pounds, of a cubic 

foot of aunlight ; aud therefore the mass, in poundS| of a cubic 
fbot of the nthcTj must be given by the equation, 

82-2 X 83 
W=— jj^, 

it we assume e=-^V, this becomeii 

ft 

82-2 X 88 , 82*2x83 , 

^ ^" * (192000 X 5280)*^ " "8899 xXO*^' 

and for the mass, in pounds, of a cubic mile we have 

82-2 X 83 ^_ 7t^ 
(1»2000)» ^ ^ ""2649 X W 

It 18 quite impossible to fix a definite limit to the ratio wluch v 
may bear to V; but it appears in. probable that it conld be more, 
for iiutance, thsiii y , \'ov my kind ul light following the ohscrved 
laws. may cuncliidu that probably a eubie foot of the lumi- 

niferous medium in the space traversed by the earth contains not 

lasa than j ^qq ^ ^qi7 of a pound of matter, and a cubic mile not 
leas than ^ 

If the mean velocity of the vibrations (U' light within a sphe- 
rical surface concentric with the suu and passiiiir throujrh the 
earth were equal to the earth's velocity — a very tolerable jBiippo- 
sition^aince this is Yfijjxi velocity of light, the whole 

mass of the luminilerous medium within that space would be 
TmA;!^! ^^^^ earth's mass, since the iin L'liinncal value uf the 
liglit wiiiiiu itj being as mucli us the sun radiates in abou^ 
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ciglit minutes, is about tj^^ of the mechanical value of the 
earth's motion. As the mean \ oloeity of the \ibrations might 
be many times grester than has been sujiposed in this case, the 
mass of the medium might be considerably less than this; but 
we may be sure it is not incomparably less, not 100,000 times 
as small for instance. On the other hand, it is worth remarking 
that the preceding estimate shows that what we know of the 
mechanical vahie of light renders it in no way probable that the 
mns^r'^ nf IinninifcroHsi medium in int< r])l;uirtary spaces, nr all 
round tiie sun m volumes of which the linear dimensions are 
comparaljle with the dimensions of the ])lanets' orbits, are other- 
wise than excessively small in comparison with the masses of the 
planets. 

But it is also worth observing that the luminilerous medium 
is enomiously denser than the continuation of the terrestrial 
atmosphere would be in interplanetary space, if rarified accord- 
ing to Boyle's law ahvays, and if the earth were at rcsi in a s[iace 
of constant temperature with an atmosphere of the actual den- 
sity at its surface 'i'. Thus the mass of air in a cubic foot of 
distant space several times the eartVs radius off, on this hypo- 

1 lb 

thesis, would be ^^o '^Yi^i "wlala these cannot, according to 

1 lb 

the preceding estimate, be in reality less than y^^jQ'^^'Yo^T* 

is 9 X 10^^ times as mucli, ui matter in every cubic foot of space 
traversed by the earth. 



VI. On the Composition of the Fekpars of the GraniU oftkt 
DitbUn and Wickiow Mountains, By the Rev. Joseph A. 
QAX.'R'B.AiTVLf Erasmus Smith's Professor of Natural and Es' 
perimmtal PkUoiophy tn the Univerniy of Dabim, 

To the B^tors of the Phihtophical Magazine and JoumaL 

Gentlemkn, 

IN the Mourne Mountains of the county Down we have a 
well-known case of the occurrence of albite as a constituent 

* " Newton hss calculated (Princ. iii. p. 612) that a globe of ordinary 
density at the earth's surface, of 1 inch in diameter, if reduced to the den* 
aity due to the altitude nhovc the surface of one rruhns of the earth, would 
occupy a sphere exceeding in radius the orbit of Saturn.** — i^ITorj^clifl's 
Astronomy* Note on § 559.) It would (on the hypothesis stated lit the 
text) we may now my ocenpy a ipbere exceeding in mdiua mUlions of mil- 
lions of times the distances of nay stars of which the parallaxes have 
been detrnnined. A pound of iIk* mcilium, !n the space traversed by the 
earth, fanner oofupy more than tlir hnik (-t ;( ( ultc l(H)OiniU'i» in side. The 
earth itscU, lu uiuv iug through it, cauuut displace ie»a than 2uU poimds of 

natter. 
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of granite rock> that is to say^ of a mineral occurring in thenxth 
cystem^ wboee rational formula is 

(KO, NaO)SiO^ + Al«0^ 3SiO^ 

I mention this because there has existed a good deal of confusion 
as to the use of the terms orthosc and albite : the fi)rmer having 
been commonly appropriated to minerals of the fel spathic family 
in which the alkali potash exists in excess, the latter to those in 
which soda prej)onderatcs. The true distinction unquestionably 
rests on crj^stallographic form, as instances are to be found of 
minerals included under the formida already given, occurring in 
the tilth system, in which soda preponderates, and to which 
therefore we should give the name orthose. And vice versd of 
specimens containing potash in excess occurring in the sixth 
system^ and which should therefore be called albite. 

It waa Terr commonly believed untfl lately that this case of 
the Moome Monntains was a singular instance in Ireland. In 
the Proceedings of the Royal Irish Academy, vol. v. p. SSI, I 
find that Sir Bobert Kane announced as a faet^ that the lUspar 
of the Dublin and Wicklow granites was almost exclusively an 
sibitic or soda ftJspar, containing only in some cases a small 
quantity of replacing potash.'' Tbis conclusion he derived from 
the analyses of some surface waters taken from the Three Rock 
Moantam in the neighbourhood of Dublin^ in which he found a 
great preponderance of soda, but at the same time stated that 
''the net was verified by a great number of analyses of speci- 
mens of granites taken from various parts of the great mass which 
extends from Dublin into the county Wicklow. In all the aaalysea 
made, which included both ordinary granites and elvan or gra- 
nite porphyries, both potash and soda were found present ; and 
the latter almost always so preponderant, as to lead to the con- 
clusion that the potash should in most cases be considered to 
belong to the mica which the granite contained ; and the felspar 
w as almost exclusively an albitic or soda felspar, containing only 
in some cases a small quantity of replacing potash." 

These analyses, which he stated had been made in the Museum 
of Irish Industry, he did not present to the Academy, nor have 
they ever, as far as I know, come before the public. 

The statement of a fact so interesting and at tlie same time 
so novel excited much interest ; and as it w as suggested at the 
time by a veiy eminent authority. Dr. Apjohn, Professor of Che- 
mistry and Mineralogy in the University of Dublin, that a direct 
investigation of the mineral in questbn would be of esKutial 
■eraoe in determining so important a geological flut, I under^ 
took the task of making a systematie imrestigation of the felspars 
of the nage of mountams which runs in a sonth-wcstcrl v direct- 
tifliifiNimDiiblin towithinafownaleaof NewRois^ Aaafint 
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eoDtnlmtioii I beg leave to eend you the fetoltt of the ai^alysei ol 
•even ipecimeiis taken from diSfferent loealttie« in these moun- 
tains, pretty evenly distributed over that part of the xange which 
eiteiids frcmi Dalk^ to the flanks of Lug-na-qnilla, a mountain 
about thirtv-six miles from Dublin. These analyses wilL I 
think, not fail to engage the attention of soch of your leaden 
as feel an interest in chemico-geological investigations. 



Qumriei of Ihikey, Camty Jhiblm. 




Per cent. 
. ^4eQO 
. 1811 
, 0*57 
• trsce 
. 1278 
. 3-00 
. 0-55 



▲tomic quotienti. 
1-412 
0-852 
0-0281 
0-000 
0-271 
0-097J 



ProportionmLi. 

4*01 
1-00 



VO-896 118 



98-96 

Specitic gravity ;=^'540. 
Three Mock Mountain, County Dublm. 

FflVeent. Atomic quotiSBtS. Pimportioiisis* 



Si(F . . • . 65-40 
Al^O^ ... 17-71 
MgO • . . • 1-77 
CaO • « . • trace 
KO . • . . iO'68 
NaO .... 3-26 
Loss by ignition 0-00 

99*51 



1*444 
0-344 

0 000 
0-227 f 



4-19 
1-00 

0-420 1-22 



SpeciEc gravity ^ 2*562. 



hough Bray, County Dublin. 

Pct ami. Atomic quotients. Ptoportionsls. 



SiQs .... 65-44 1*444 

A1«0^ ... 18-86 0-357 

MgO .... 0-00 0 000] 

CaO .... 0-80 0 088 ( 

KO .... 12-34 0*262 

NaO . 2-78 0088^ 

Loss by ignition 0-52 

ioolo 

Speulio gravity m 2*554. 



4-04 
1-00 

0*888 1*06 



uiLjiiized by Google 



the 



Si03 .... 65 05 
A1*0» . . . . 17-72 
MgO .... trace 
CaO .... 0-23 
KO .... 13-42 
NaO .... 275 
Loss by ignition 0*36 

wss 



of thi Dublm and JVickiow Mountains* 4A 

IdOugh Daily Cnvnfy Wirklmn. 

Per ceut. Atomic quotients. Proportionals. 



1-436 

0-315 
0000 
0-OOS 
0-285 
0-088 J 



416 
100 

liO 



Specific gravity = 2 559. 

Per cent. Atonic Quotifinti. 

. 6419 
. 18-39 



SiO» . , . 
Al«0» . . 

^1^0 .... 0-34 

CaO ... . 070 

KO .... 11-39 

NaO . . , . . 2-95 

Loss by ignition 0*58 



1-417 

0-358 
0017 
0 025 
0-242 
0*095 



PxoportioiuJi. 
8-96 
100 



•0-379 1 05 



98-54 

e gimvity » Si-558. 

Glendaloiif/h, County IVicklow. 

Per cent. Atomic quotients. 
63-60 



SiO« .... 63-60 1-104 

XV . . . 18-84 0-366 

MgO .... 0-40 0-020 

CaO .... trace 0 000 

KO .... 14 33 0-305 

NaO .... 1-92 0-060 
Loss by ignition 0*60 



Proportionais. 
3-83 
1-00 



8iO^ .... 64-48 
A1«0» . • . 19-01 
^le:0 . . . . 10» 
Cab . • • • trace 
KO .... 10-74 
NaO .... 2-64 
LoM by ignition 0-78 

98-70 



99-69 

Specific gravity = 2-453. 
OimmuUw, Comty DMm, 

Per cent. Atomic quotienti. 



1-423 
0-370 
0 051^ 
0 000 I ^ 
0-228 p 
0-086 J 



ProportionaU. 

• 8-84 
100 



3C4 0-98 



uiLjuized by Google 



4A Prof. Magnus on the EUultc Forces of 

I feel a great desire to see the rode analyses on which Sir 
Eobert Kane has founded so important a statement^ and sin- 
eerely hope that he will before long make them pnbli^ as I feel 
utteny at a loss to reconcile the statement witn the resolts I 
ha?e arrived at. The granite rock in question consists of quartz, 
mica and felspar : the quarts contributes no allcali, the mica ia 
wdl known to contain potash in excess, the felspar I have shown 
contains potash in excess over soda in the ratio of 9:2; how^ 
then, can a rock which is a mixture of the three be said to'con« 
tain both potash and soda? ''but the latter almost always so 
preponderant, as to lead to the conclusion that the potash should 
m most cases be considered to belong to the mica which the 
granite contained ; and that the felspar was almost exclusi?ely an 
alhitic or soda felspar, containing only in some instances a small 
quantity of replacing potash/' 

I remain^ Gentlemen, 

Your obedient Servant, 

Trinity CoUege. Dublin, JoSBFH A. GaxABAITH. 

December 12« 1854. 



YII. On the Elastic Forces of Vapours of Mixtures of two 
Liquids, By 2to£euoT Magnus*. 

IN the communication of his intereatinfl; researches on the 
dastic forces of the vapours of different nquids, M. Regnadt 
states, ** It may be said that the kw of Balton has been accepted 
on snfEerance, inasmuch as it seemed to be a natural consequence 
of the notions formed regarding the constitution of gaseous flnidsj 
and which were developed by Laplace, Poisson, and other mathe- 
maticians. Physicists have not deemed it necessary to submit 
the law to an experimental examination.'' 

This statement contains a complaint which is not well founded* 
In a memoirpublished in Poggendorifs ^fMi«fcn,vol. xxxviii. p.l81, 
in the year 1836, "On the boiling of Mixtures of two T.i(|uld8, and 
the bumping of such mixtures," I have shown that the law of 
Dalton is not applicable to the vapours of mixed liquids; that is 
to say, of liquids which mutually dissolve each other by their 
mixture. It is there stated^ — " If a liquid, ether for example, 
be brought into the vacuum of a barometer tube, and if, 
after the maximum tension of the vapour developed has been 
observed, another liquid, for instance alcohol, be introduced, 
whose vapour at the existing temperature possesses a smaller 
tension than that of mthcr ; then the tension of the vapours of 
both liquids is less than that of the aether vapour alone, and is 
ever feebler the more alcohol is added, until finally, when a 

* From PoggendorfiTs Annakn ; communicated by the Author. 
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large quantity of the latter^ liquid in oom|Mun8on with the tttherj 
Is pment, the tension almost eonresponda with that of the Yapoor 
of alcohol alone at the exiating tempcratnie. The same is the 
case if, instoid of alcohol, oil of tupentinc^ or instead of sther, 
bisnlphnxet carbon be used; or if alcohol be first introdaced 
into the barometer tnbe and water added afterwards/' 

Fttm these eiperiments it follows^ that the elastic force of the 
Tamnus of a mixture of two liquids which nmtually dissolve each 
other ia smaller than the sum of the elsstie forces of the com- 
ponent vapours at the same temperature ; and that the elastic 
fofce of the vapours of a mixture is dependent on the proportions 
in which the liquids which produce them are present. 

Aa regards the deportment of the vapours of a mixture of twa 
liquids which do not mutually dissolve each other, but form 
separate strata, I also made experiments at the period referred to, 
and found, in their case, the elastic force of the vapours of 
the mixture to be equal to the sum of the elastic forces of the 
vapours of both Hqnidj^ taken separately at the same temperature. 
TliHt with such mixtures^ therefore, the law of Dalton idnds full 
apphcatiou. 

In regard to tlii^ lioilmg oi sncli mixtures, I found that two 
cases are to be distiiii;iiisjie(l from each other, according as tlie 
more volatile liquid coustiLutes the u})pcr or the uiuler layer. 
When the more volatile liquid was uppermost, boiling took 
place \*'ithin the latter alone, and at the temperature at which 
the liquid would have boiled under the existing pressure, h;ul it 
alone been contained in the vessel. If, on the eontiaiy, the 
more vQlatile licjuid were below, the temperature of the boiling 
mixture was always somewhat higher than that at which the 
more volatile Lquid would have boiled if alone. The vapours, 
on the eonttvj, which developed themselves from this mixture 
always possessed a temperature, which was not only lower than 
tiiat of the liquid mixture, but also lower than £hat at which 
the more volatile liquid would have boiled under the existing 
pressure. ^ 

In a mixture, for example, of fresh rectified oil of turpentine 
and water, whidi hoiled under the pressure of 749*6 millims., 
the thermometer in the %tud showed a temperature of 102^ C, 
and in the vapour 94^*5 C. In like manner, in a mixture of 
biBulphuret of carbon and water, which boiled under a pressure 
of 762*2 millims., the thermometer in the liquid stood at 47^ C«, 
and that in the vapour at 48°*5 C* 

This difference in the temperatures of the vapour and the liquid 
is not mentioned by M. Regnault. It is, however, an immediate 
consequence of the law of JDalton. For the lower liquid, which 
is the moat volatile, most, in order to boil, possess a temperature 
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tA wluch the elastic force of iU vapour is capable of overoomilig 
Uie prcMure, not only of the eir^ hat eleo thai of the liqaid 
ahove. This temperature » theiefore a little higher than thai 
whieh it would be if the liquid boiled uuder the pressure of the 
air alone. Further, as the bubbles of vapour mm the lower 
liquid pass through the upper onCi the temperature of the latter 
IB nearly the same. But while the bubbles from below pass 
through the upper liquid, they carry vapour from the latter 
along with them, so that the escaping bubbles sre Ibnned of a 
mixture of the vapour of both liquids. Without doubt theee 
bubbles at the moment of their escape from the liquid have the 
same temperature as the latter. But as the elastic force of th# 
vapour of the more volatile liquid would alone be able to over- 
come the atmospheric pressure, the elastic force of the vapours 
of both liquids together is greater than the pressure of the 
atmosphere ; hence these vapours expand until the sum of their 
tensions is just sufficient to overcome the pressure of the atmo* 
sphere, and by expansion are brought to the lower temperature 
observed. 

With the exception of this latter phsenomenon, namely^ that 
the temperature of the vapour escaping from a mixture of two 
liquids which do not nmtiially act upon each other, is less than 
that of the liquid mixture, which phaenomcnon is not mentioned 

by M. Regnault, my results are corroborated by him. They 
were, however, made j)ublic by me eighteen ypnrs nno, and since 
that tinip it has been known to what extent the law ot Dalton is 
np{)ln ablc, and the deportment of the vapours of mixtures of two 
liquids lias been understood. 



VIIT. On mme Extensions of Quulernwns. By Sir William 
]{ ( ) ^^ \ \ ] I A MI LTON, LL.D.y M. R. L A., F. R.A.S., Corres^pond* 
ing Mt'inbtn- of the French Jrtsfifutr, Hon. or Corr. Member of 
several other Scientific Societies i)i lirifish nnd Foreign Cmm^ 
tries, Andrews^ Professor of Asti ononnj %n tite University of 
Dublin, and Royal Astronomer of Ireland. 

[Continued from vol. viii. p. 26i).] 
SeeHonlV. 

[2G.j IjlOH ([uines, the equations of condition between the 
A 24 symbols /| . . tig amouut (as has been already 
remarked) to 80 in all; namely to 8, 24, 12, 24, and 12 equa- 
tions, included respectively in the five types last mentioned, and 
sufficiently develof^ above, by the formulae (117) (118) (143) 
(145) (14S) (152) (153) (155): whieh also enable ne, with tfae 
bdp of (141) (144)^ to determiiie the valuea of thefimraymbola 
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01 . . fl4, and of the six other symbols . . tg, when values of 
/, . . ft,^ iiuvc been lound, which .satisfy the eighty conditions. 
And then, if we denote the (j^ume itself by the followiog expres- 
sion (compare [1.])) 

wliirh a little more Rvminctric tlian the form (llll, tlic laws 
of mullipltcatiun of ant/ two guch quines, F', will be tiuiiicicntly 
expressed by the foruiuise 

if we remember that 1, 2, 3 may still be cycUcally permuted^ 
and that the law of conjugation (32) gives 

Kifi=zu!, .BiU^^uls Yi'^s-Ytt'. . . (160) 

For in Ihii manner^ by (41), if « denote, u in (14), tiie vector 
part of P, to that 

WSa»jJPl + l^g+lgr8+*4r4, • . • • (161) 

naoliaUhftve 

+ Z>, (o-gi 3 + x^q) + &c. -f (.r,ar'4 +^4^/) + &c., (162) 

+ (Vi+Mi + «s'i+*4«i)(«i«'4-*4«'j) + &c-* • (168) 
cftdi fcc/' fepreaenting tenna obtained by tbe permutatioiiB 
alieady mentioned; and if the eonstanta abelmnprstu have bem 
dioaen ao aa to fulfill the conditions above developed, we may 
then condade (compare (51)) that the following iquationb op 
▲aaociATiON hold good, for the multiplication of any thrte aach 
ve^ar-umts 1, or quadr^cmial9Mi4fr8 m, or quinqukumiid expret-^ 
nam P, whedier equal or unequal among themaelTea : 

i.i'^'=u'.t"; w.w'.ff^W.W,- P.P'P»=PF.P»; (164) 

which it has been the main object of our recent investigations to 
establish. 

[27.] Without pretending to du more, on the present occa- 
Ric)[i, than merely to ejcemplifj the possibilittj of sainifytnyy ibr 
qinnes, the forep^inp: equations ot ubsuciaUonj i may here remark 
that if we restrict the quc^iiiuu by assuming (with the usiual 
permutations), 

(A, B)*... »i=»»i, i>i=0, fijssO, . (IfiS) 

* This hue n lettered tluis, because it contains tlie conilit ons common 
to the two ty stems (A) aud ^B) of a»cociAtive quiuea, whicii aru deduced a 
Jittiefiutfacroii. 



Digitizec Ly v^oogle 



48 Sir W . K. Uamiitoa on some 

iskeD. nvmerooB umpMeationa -take place, and the 80 equations 
between the 24 symodls hmpr^ are fonnd to rednoethemielTea 
to 44 equations between the 16 symbols Imnt^ obtained from 
the five tjrpes I* to Y. of recent paragraphsi whidi may be dias 
denoted and arranged : 

from type I. . . ^4^ = 4/3, r.^-^r^=8^t^ — s^t^', . (166) 
from 11. andlll. • • i»|/|=}Rt''^ >»ir| as =172^2, . (167) 
and ^r^sihihf 9=^^99 W|(ri+rg+rg)asO; (168) 
from IV... ^2(rg + r3) = -/,/2, t^{n-\-r.^^'^s^^, (169) 
and mi«j = /j/„ 'i'^it\=l^\', ..... (170) 

aud from V. . . m ^s^^l^^ m , f^ = /^rg, /, (r, 4- -f rg) = 0. (171) 

Now these conditions may all be satisfied in each of two prin-^ 
cipal ways, conducting to two distinct systems of associative 
quines, which may be called Systems (A) and (B), but which are 
not the only possible syateme of such quines, because we need not 
hare commenced by assuming the equations ( I Of) , although that 
assumption has simpliiied the problem. For Hr^t we may sup- 
pose that the constants / and m ate difPereut from sen>, but that 
the constants r are connected by the relation 

(A) .. r, + rB+r3=sO; (172) 

or secondly^ we may reject this relation between the constants 
and suppose insteaa that the six constants / and m alt vanisb^ so 
that 

(B) .« /,5s/;j=^=m,=W2=rw3=0. . • (173) 

With the first supposition, (172), we are to combine the nine 
relations between the firteen cont^tants Imrstj wliich nre suffi- 
ciently expressed by the furniula (IGTj, or by the luUuvviiig; 

(Ai).. l^^m^^m^^ *,=f»~*i»ir|, ^i=:in~'w,ri; (174) 

and then all the other conditions of association will be found to 
be satisfied, if we equate each of the ten symbols abc to sero, or 
if we establish this other formula, 

(A2) . . a^stO, ^1=0, ej=0, ^4=0: . . . (175) 

while there will still remam Jive arbtlrary coHnlantu uf the system, 
for instanee r'(r^^m^^. With the second supposition, (173), 
wc are to combine fom* distinct rehiuuns between the nine con- 
stants rst, contained in the forinuiu (169), or in the following : 

(B,)*.. '•,+r8=-«r'/|/3, W8=W8; • • (176) 

* It matt be observed that theie eqiistiiiiu (176), wbieb are put of the 

h<ms of the system (B), are true in the system (A) also, as corollaries from 

(17^ :uul {\rl\ ivliicli last equation i^ocs not hvi\A in (B) ; end which 
allows us to rediice, for (A) but not for (B), the reiatioa (177) to the simpler 
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wbkh give also^ m a ooiueqneiice, this other rektioii : 

(rj + rgiCra-f r3)(r3-i-r,)=-5iVs; • • (^77) 

and then the other conditious of association will all be satiafiedf 
if we make, instead of (175), 

(Bj).. a^=b,=c,=0, «4=(''i + '-a-Hr3)^: . . (178) 

this system also invoking fae arbitrary constants, for- example 
^iViVa* assertion respecting quines^ which was made near 

the end of [10.], litis therefore been fully justiticd. 

[28.] Finally, as rcgaril.s the system (A) of quincs, it may be 
observetl, — 1st, that in i/Us system, by (lG;i) and (175), wc have 
generally, 

(A,).. SW-0; (179) 

or that ^'thc produet of any two quadiiuunual vectors -CJ^, 
reduces itself to a pure vectui-;" and 2nd, that, by (163) (165), 
" this vector product, ctw', is of trinomial form, involving no 
part with ^4 for a factor." This product ia therefore abeady seen 
to be of theJorm 

tB-w'=4,X, H-igX^ + igXy; .... (180) 

but I say^ 3rd, that "its three coefficients, or coordinates, X|, 
Xj, X3 have constant ratios/' or that "the prndiict ctw' may bo 
construrtrd by a right bnc in space of which the direction thouu:h 
not thr It iigth is fixed,*' and which may therefore be conceived 
to " comcidc in position with one fixed axi^ ) 0/ the system/* 
In fact, by (163) (165) (174), we have 

fR|X|SingXf =sii^Xg|SsX, • • • • (1^1) 

and therefore 

(A4).. W«X£ (182) 

if wc niiike for abridgement 

(AJ . . J + ^1?- i(.r ,^'4 — x^x^ ^ ) + m^'^{j:^\ — A^a'j) -f m^^ 

(ar^a^-Va), (183) 

and (^ni:r%+m~%+m;\ . • . • (184) 

In the 4th place, "if any C[uadr;iiomial vector -cr be multiplied 
by or into the axis f, tlit- juuduct vanishes;" or in Hymbols, 

(Afi).. f«r=0, ^f=0; (185) 

becanse by (172) the scalar coefficient X becomes »0, if we 
change either a*,, x^^ 3-3, and x^, or a/,, a/^, a 3, and tf'i^, to w~', 

P/iil. Ma(j. S. i. \ ul. U. No. 50. Jan. lcS55. E 
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ttid 0| rai|MOtifdiy, Thkoodlownt X Tamihei alio^ 
wbea we equate si^\a^^af^x\ to a;j.r3^4 respeetivelv; and hence, 
or from (179), we may infer, 5th| that ''in this system of 
qninea (A); the square every quadriaomial veetor vanishes.'' 
And finally^ by an easy combination of the formnln (185), 
or of the 3rd and 4th of the forcing properties of this system, 
we see, 6t}i, that^ in it^ every prodoet of three qnadrtnomial 
veeton vanishes or that 

(A7) . . mus^ I «J^'=sO, tar . w'aj''=:0 (186) 

[29.] The associativ0 pnperip (16 4) is therefore verified for 
the system (A), by showing that, in it, each of the two teiiiary 
products of vectors, which ought to be equal, vanishes. In the 
system (B), it is easy to see that any such ternary product must 
be itself a vector; because, in (T5), no binary product of vectors 
involves t^, nor docs any such product involve a scalar part, 
except what mrisM from 44^. We have, therefore, kere^ this new 
fesutt, 

(Bg).. S(W.«*)^S(«r.«'«'0=O. . . . (187) 

And when we proceed to duvelopc these two ternary products, 
the associative property of multiplication is u^um found to be 
verificdj under the ibrm, 

whm it is worth ebeerving that, by the lawa of the systsm in 
^|aeslion, the resott may be pnt nnder this other and somewhat 
ampler form : 

(Bj).. ««y^«r^'=tir.ty'w^^«wS«»'W'--«r'b«r''tff+i!r''J5W. (189) 

Indeed, this last expression might have heen foreseen, as a eon- 
sequence fiom the general principles of this whole theory of assih- 
aative pelytumes^, combined with the particular property (187) 
of the qnines (B). For, \n that property, esch of the two ter- 
nary products is equal to ns own vector part; but by (101) we 
have, generally, in the present ^eory, as in the calciilas of qua- 
ternions, the foUowing expressi<m for the vector part of thepro^ 
itmi of any three veetorSf of any snch associative polynomes aa we 
ture considering: 

V ./}crT==pSaT— o'St/>+tSp<t; • • • (IdO) 

• It will hereaftci- be proved fjfmerally that for all Rssociative poivnoines 
whidi tstisiy the hnr of conju^mtion (though fiol ewekmodjf Ibr warn ano^ 
etaHw polynomes), the tcusor, ns diMnu d iti [fi.], is also a modtihs; which 
theorem can be verified without diiKctdty for ihe (minos (A^ and (B), and 
for the qiiadnuomes uid tetisds to lettered in [13.], m well as for the 
uiaouies [1].]. 
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which is a fonnala of continual application inQmatimioaa*^ and 
in thesa extenaiona alao ia impctrlaQt. 

Obwrnitoiy of Trinity College, Oabliiix 
Angnst 16, 1864. 

rHus HtUe paper, wUeh I propose to edl (la abate) 8H*kmilt€ Fowtk 
of these Estensioiii, has been iu tgrpe fcr a coiiple of months, but other 
occupations have prevented me from revisinp: it till now. Although very 
unwiiling to eocroach on the valuable sjtaee of the Philosophical Magazine, 
I ha^e drawn up sketches of some contiDuations, which I shall perhaps 
sbortly copy and send, to be printed at such timet as may suit the conve- 
nience of the Editors, wboie constant eofortetr it hereby thankluUy acknovr- 
ledcred.— W. R. H. 

Observatory, Dec. 22, 1854.] 

[To be eonftfained.3 



IX« On a case of disturbed Efliptic Motion* 
By the licv. A. Thackek. 

7h ike BSiors of ike PkUoiofhkal MagaxmB (mi JounaL 

Gkntlk.m i:n% 

YOU may peiliapa tind a place in your Journal for the fol- 
lowing investigation, which was suggested by a recent 
discussion on the subject of the lunar theory. The problem I 
propose to solve may be stated thus : — A body is acted on by a 

central loree eqaal to ^ -f m*' being amall ; to detemine the 

motion when the orbit is not nearly cireuUtr* 
The equations of motion are 

d^x 

«nd from these we deduce immediatelyj 

M ; « 

r«+C=^-^'r», (2) 

* Ibwardi tiie close of Section m., namely of the communication which 
appeared in October, 1854, an accent was inadvertently omitted in the lost 
term of the important formula (67), VjVt't"=i"S4t'— t'St"*, wliicb bad been 
correctly priuted in Section II., for August, 1864- [Section I. was pubhshed 
m the Supplemoit for Jnly, 1954.] Also in the tint formula (116), of 
per. nr.], tor at read oi. And in (1 18), of [22.], for J^tead i^. 

t Thie ia the equation given b^Profettor ChaUit. 
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Since the fbroe is central^ there cannot be more than two ap sidal 
distances. Let them be a and A the former being the greater. For 

dr 

each of these values of r, ^ must be zero. We have^ therefore. 



whciicc 



If these values be substituted for C and h*, it will be found that 

~ Cr>-*« + = (« -r) (r +^'(r + «) (r -H/^) j, 

whence 



5"* 



(«»r)(r-/9){^+/.'(r+«)(r + ^)y 



the upper or lower sign being taken according as the body is 
moving from or towards the nearer apse. If the expression 

^jj^g -f fjj(r + a) (r + ^ be expanded in a series ascending 

hy powers of ft/, the value of / in terms of r may be found by 
tegration to any required degree of accaracy. Neglecting 

powers of ^' iibovc the first, puUiu^ k lor — •--i^j auj, U for 

(«— r)(r— ^, we have 



4: 



2/* ^^Jl_ 1^ r*+(«+/9)r«+«/8r 



a+/3 ^tf 2* v'TJ 

Integrating, and supposing t to begin when the body is at the 
nearer apse, we obtain ' 

If we make co»-> ~" -^=ti, it follows that 

a— p 
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andj eliminating r and restoring the value of we have 

+ («-)S)*8in3tt}. J 

AgatD^ 

d» i> 1 

V («-r)(r-)9){^-i-/*'(rH-«)(^ +^)} 

Intoprratinp^ this in the same way, and to the same degree of 
approxiuiatiou, wc sliall have 

Let 008 * — 7 — ^sa — —=v, nud cos * — a =i*; then it 
is easily proved that 

t«ij=^ftan|. (C) 

aad, consequently, 

tf=.-l.^^!^;;;§{3(«+/9)«ii-(«»-/9«)sini.}. . (D) 

The e<|ii8ttoiis (A), (B), (C), (D) detennine the motbn ; and 
as there is no Umitation with regard to the rebtive magnitudes 
of a and fi, it follows that those equations are true, however 
much the orbit differs from a circle. 

The apsidal angle is the value of $ corresponding to r=tt, and 

is therefore equal to '""^^"'g'^ ^a^{a-^fi)^> wr 

if n be the mean angular motion of the body. 
In the lunar theory, the expression for the radial disturbing 

force contains a terra where n' is the mean motion of 

the earth, and the effect of this on the moon's motion may be 

.1 

found by substituting ^^fi!^ for p/ in the preceding equations. 

For example^ if we denote by m the ratio of the earth's mean 
motion to that of the moon> the apsidal angle beoorors 



uicjuized by 



S4 J^fvHcm fitpBCiM^ iVinc^ B§9kit 



or 

if + e) and ^ = 41 - e) . 

On icfiBRmg to Pont^oulant (toL iv. p« 566), it will be 
that the Talne of 1 — which measures the nte of pfogreukNi 
of the mooo's perigee^ umhea the teniu 

which arc identical with the first three terms of the exj 



I will only add, that if the approximation be carried a step 
fartlwr, the ratio of the apsidai angle to ir will be foood to be 

I am. Gentlemen^ 

Your obedieat Sen ant, 
Trinity College, Cambridge. A. ToAC&CK. 



X. Notices respecting New Books, 

On the Atmospheric Changes which produce Rain and Windt and the 

Fluctuations of the Barometer. Second Edition, with atMitivnal 
Fs^aj/s and Diagrams, By Tmomas UoPKltfS, M.£>MM» Loadoa: 
Johu Weak'. 1854. 

THE chief feature of Mr. Hopkins's Essay is the importance he 
attaches to one fact, \vhicli he affirms has not hitherto been 

sufficiently attended to; and thio is, the conveyance of heat to dif- 
ferent regions of the cartli's suiface by vapour, and the ettccts of 
it* liberation when tiic va]>uur is condensed. He denies the com- 
petency of the commonly received theories of tiie Lrade« winds, &c., 

and motn^ina that the princijNd cause of these and o^er similar 
phsenomena Is to be found m the iisct above mentioned. After 
teferring to the common theory of the trade- winds, originally ad- 
vanced by Hadley, and now generally adopted, he says, " That tlie 
efiPects uf the unequal heating power of the sun on the surface of the 
plobe, and of the varyino^ rotatory velocities of the different parts of 
the earth between the equator and the poles, must be of the nature 
described in this theoiy, is sufficiently evident. But it is not C([ually 
evident that the causes pointed out aie adc(^uutc to the production 
pf those ^neral winds which are known to exist. The difierence 



•l 
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9ft 



in the rotatory velodtiM of diihmt letitudei mu8t certeiiilx bav« 

the kind of effect described upon any winds which pass from the 
equator to the pole?, and from the poles to the equator; and the 
degree of effect will be proportioned to the rapidity of the passage 
of th^ wind from one latitude to another. But the unequal heating 
of the surface of the globe, and consequently of the air near it, by 
the tun, does not» as will be hereafter shown more fully, product 
those palpable or strong winds which blow in some parts tvwtrds, 
aod in other parts from, the tropics. The heating of the suifsoe 
the globe and of the air near it, by the sun, is not a sufficiently pow* 
erfbl cause to produce these wiilds* though, like the law of diffu> 
!»iim, such surfacc-hcatinsj may, and no doubt docs, to a certain 
extent, briuL^ into active operation another and a more powerful cause, 
an<l :(s we shall see hereafter, one that h fully adequate to their 
piuduction." Thi*! other "and more pnarful cause" is the lieat 
takeu up iu the process of cvaporuLiou, and after being carried away 
to other regions, liberated on the condensation ^f this Taponr. " In 
the following pages," says the author, '* it is proposed to show that 
the heat which is thus taken up by vapour, in the process of evapo- 
ration, is carried away to various parts of the atmospheric regions, 
and in those parts is liberated on the vapour being condensed ; and 
that it is this liberated heat which produces that inequality of tem« 
perature which causes the greater part of tliose aerial movements 
called \\ m is on difltTcnt piirts of the surface oi ihe globe." (P. 6.) 

On a subject so intricate, and of which so little is known a& the 
present one, it is dangerous to make any positive assertions involving 
the general laws of the phnnomena. And stiU more dangerous is it 
to assert that certain causes are, or are not, sufficient to account for 
certain effects, whUst neither the causes nor the effects have yet 
been submitted to accurate measuretnent and calculation. We agree 
with Mr. Hopkine m thinking the common tlicory of the trade- 
winds unsatisfactory in some respects ; and for this very reason, 
vi/. that we possess no accurate estimates of the elements involved 
m tile problem. Mr. Hopkins asserts, that, "if no other c^use of 
ndn or wind eicisted than those yet named " (viz. in the ordinaiy 
Jtheories), " there would be no copious rain nor strong Wind in any 
put of the world, as those etntses wmtd wHeiatff vlt epmiltf miid^ 
■mf pmtUif, Inequality of tempefatuie, on difierent parts of the 
earth's surface, in no place directly produces a strong wiud, though 
there are parts where that inequality is great within small dU 
5fancc'." (F. 1 1.) Now here, we think, Mr. Hopkins has made an 
assertion ditiu ilt of proof ; and, further, that hii^ own theory b open 
to the very same objection, viz. that the action of ihe heat of viipours, 
pointed out by him as the most uowerful cause of winds, &c., would 
seem at first sight to be just as likely to ''operate mildly and gently** 
is the inequalities of temperature, &e. 

His reisoninga from page 14 to page 18 are rather obscure, and, 
aa relating to operations of which wc have little or no experimental 
knowledge, cannot be considered satisfactorj^ ; and as tliese pages 
appw to contain the main part of our author's theories, we fear tibat 
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the whole work is open to the same remark. Still, it is highly probable 

that tlie heat of vapour p1nv« a more important part in mctcorolo^cal 
plucnomcna than has liithcrto been generally suj)po»cd, and Mr. 
Hoj)kins hut- done a real service to the ircience by calling attentifin 
to this point. If he hiis uUixbutcd rather too much to this paiUcuiar 
cause, it is only what is generaUy done, and might natimUy be ex- 
pected, whenever a person discoven the importance of some eanse 
hitherto neglected. 

In treating of other points, such as the fluctuationa of the baro- 
meter, dew, &c., our author does not apj>enr to have availed himself 
sufficiently of the recent researches of Dove, Melloni, and other?. 
The suhjeet of * dew' in particular has received the greatest accchsion 
of illustration and explanation by the labours of Melloni, to which 
Mr. Hopkins makes no reference whatever. We also meet with 
some expressions in the course of the woik which indicate lather 
loose notions of elementary scientific principlea ; aS| for inatanee* at 
page 72, where the author speaks of a current being "/arc«tf 191" the 
sides of elevated land *' by its inertia." 

Upon the whole, however, the \vnr\< is written in a scientific spirit, 
and indicates considerable care and labour in the collection of facts. 
Moreover, it is eminently suggestive, and therefore likely to be of 
still greater service by leading to further inquiries. 



XI* Proceedings of Learned Sodeiiei, 

XOTAI. BOCIBTT. 

[Continued fiom yd. Tiii. p. 553.] 
June IS, 1854.— The Earl of Rosse, President* in the Chair. 

THB following papers were read 
*' On the Structure of certain Microacopie Test-objects, and their 
Action on the Tkansmitted Rays of Light." By Charka Brooke, 
M.A., F.R.S. 

In order to arrive at any 5?atisfactory conclusions regarding the 
action of any transparent medium on light, it is necessary to form 
some definite conceptions regnrdinp; the external form and in- 
ternal structure of the medium. This observation .ijijtears to apply 
in full force to microscopic test-objects ; and for the purposes of the 
present inquiry it will suffice to limit our observations to the stme- 
tore of two well-known test^objecta, the scales of Podwa pkmbeOt 
and the eiUccous lories or valves of the genus PUvrongmat freed 
from organic matter : the former of these is commonly adopted as 
the test of the defining power of an achromatic ohjcet-glas?, aud the 
several specirs (jf the latter as the tests of the penetrating or srpn^ 
ruling power as it hn^ boon tenncd. 'i'hc defining power depends 
only on the due correction of chromatic and spherical aberrations, so 
that the image of any point of an object formed on the retina may 
not overlap and confuse the images of adjacent points ; this coirec* 
tion is never theoretically perfect, since there will always be residual 
terms in the general expression for the aberration, whatever prac« 
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tioable number of surfaces wc may iutruduce as arbitrary constants ; 
but it is practically perfect, when tBe mldoal error is a quantity 
less than that which the eye can appreciate. The separation of the 
aoarkuagB of the Pleurosigmata and other analogous objects, is found 
to depend on good defining power aaeociated with large angle of 
aperture. 

The Podura scale appears to be a compound structure, consisting 
of a very delicate transparent lamina or membrane, coverod ^\\th ao 
imbricated arrangement of epithelial plates, the length of wliich is 
six or eight times their breadth, somewhat resembling the tiles on a 
voof, or 3ie long pile of some kinds of plush. This structure may 
be readily shown hy putting a live Podura into a small test-tube, 
and inverting it on a glass slide ; the insect should then be allowed 
for some time to leap and run about in the confined space. By this 
means the scales will be frocly deposited on the glass, and being 
subsrquently trodden on by the insect, several will be found, from 
. which the epithelial plates have been partially rubbed off, and at the 
margin of the undisturbed portion, the form and position of the 
platea may be readily recognized. This structure appears to be ren- 
dered most evident by mounting the scales thus obtained in Canada 
balsam, and illuminating them by means of Wenham's parabolic re* 
flector. 'Hie structure may also be very clearly recognized when 
the scale is seen as an opake object under a Ross's ^',th (specially 
adjusted for uncovered objects), illuminated by a combination of the 
parabola and a flat Lieberkuhn, as the WTiter has elsewhere de- 
scribed*. The underside of the scale thus appears as a smooth 
pistoling surface with ver>^ slight markings, ooneqpondin^ probably 
to the points of insertion of the plates on the contrary side. The 
minuteness and close proximity of the e])ithelial plates will readily 
account for their being a good test of dc/inition» while their promi- 
nence renders them independent of the separtUwg power due to large 
angle of aperture. 

The structure of the second class of test-objects above mentioned 
differs entirely from that above described ; it wDl suffice for the pre- 
sent purpose to notice the valves of three species only of the genus 
Pkmtmiffma, wMdi, as arranged in the order of easy vjttbility, are« 
P,/ormonm, P, k^poeampus, P. angulatum. 

These appear to consist of a lamina of homogeneous transparent 
silex, studded with rounded knobs or protuberances, xvliich, in 
P./onnosum and P, angulatnm, are arranged like a tier of round shot 
in a triangular pile, and in hippocampus, like a similar tier in a qua- 
drangular pile, as has frequently been described ; and the visibility of 
these projections is probably proportional to their convexity. The 
" dote " have by some been supposed to be depressions ; this how« 
ever is clearly not the case, as fracture is invariably observed to take 
place between the rows of dots, and not throvyh them, as would na- 
turally occur if the dots were depressions, and consequently the sub* 
stance thinner there than elsewhere. 

'lliis in fact is alwavs observed to take place iii the siliceous iorica 
* See Bhtuh Awociation Reports for 1850. 
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of some of the border tribet A^t occupy a lott of neutral, and iiut 
f9i imdiapnted» ground bttween the confines of the eaiaMl «nd vege* 
table kingdoms t as for eisniiile the hthmittt whidi poee ei s cs a rett- 
culAted structure* with depreMions between tfaA meBbes, somewhat 
analogous to that which would result from pasting together bobbin^ 
net and tissue paper. 

The valves of P. annul<i(am and other similar objects have hpen 
by some \%Titer8* Buppuseil to be made up of two substances pos- 
Bessiiig ditlerent degrees of refractive power ; but this hypothesis is 
purely gratuitous, since the obsenred i^Kuomena will naturally re- 
sult from a series of rounded or lenticular protubemnoea of one 
homogeneous substance. Moreover, if the centres of the markings 
werB centres of greatest density, if in fact the structure were at all 
analogous to that of tlie crvi^talUne lens, it m difficult to concei%^ 
why the oblique rays only should be visibly . ftVcted. When P. hip- 
pocampus or P. fomio9>nn is illuminated by a (nUctt's condenser, with 
a central stoj) j)laced under the lenses, and viewed by a qimrter-inch 
object-gla&« of 70^ apertuie, both being accurately adju6lcd, we may 
observe In succeision, as the object-glass approaches the object, first 
a series of well-d^ned bright dots ; secondly^ a series of dark dots 
replaehig theses and thirdly, the latter are again replaced by bright 
dots, not however as well defined as the first series. A similar suc- 
cession of bri<rbt, dnrk, and bright point? may be observed in the 
centre of the markings of some species of Coscinodkciu from Ber- 
muda. 

These appearances would result if a thin plate of glass were studded 
with minute, equal and equidistant plano-convex lenses, the fogi of 
which would necessarily lie in the same plane. If the focal surfaee 
or plane of vision of the object-glass be made to coincide with this 
plane, a series of bright points would result from the aceumuktioti 
of the light falling on each lens. If the plane of vision be next made 
to coincide with the surface?* of the lenses, the«e points wonld aj)- 
penr dark, in consequence of tbc rays beint^ refracted towards ])oInts 
noif nut of focus. Lastly, if tlie plane of vision be made to coincide 
with the plane beneath the lenses that contains tiieir several foei, su 

that each lens may be, as it were, combined with tiie object-glass, 
then a second series of bright {lolnts will result from the accumula- 
tion of the lUys transmitted at those points. Moreover, as all rays 
capable of entering the object-glass arc concerned in tlie formation 
of tbc second scries of brii;bt focal j)oInt«, whereas the firj^t penes 
are formed by tbc ray? of a conical s-bcU of light onlv, it c^ idc ut 
that the circle of least confusion must be much less, and therefore 
tlie bright points better defined, iu the first than in the last series. 

If the supposed lenses were of small convexity, it is evident ^at 
tbe course of the more oblique rays only would be sensibly In- 
fluenced ; hence probably the structure of P. tmgulatum is recognlked 
only by object-glasses of large angular apertures, which are daptble 
of sidmltting very ohhque rays. 

The writer has recently, in an address to the members of the 

* ¥id0 Qutzieriy Joomal of Miooaoofksl Sdeace, KOb V. pp. 9, 10. 
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Royal Institution, proposed to explain the extreme darkness of the 
dote, under curtain conditions of focus and illumination, by the hy- 
pothesis tluit sonic of tlu oblit^ue rays are tlirown out of the field by 
internal reflexion, beiaj^ iagidcnL at lUt; upper burface at an angle 
too large for emergence ; but this does not aupear to invalidate tiie 
present hypothesis respecting the course of the transmitted rays. 

It does not appear to be desirable that objects should be illumi- 
nated by an entire, or, as it may be termed, a solid cone of light ol 
much larger angle than that of the object-glass. The extinction of an 
object by excess of LHumination may be well illustrated by viewing 
with a one-inch object-glass the fsthmta illuminated by Giliett's 
condenser. When this is ia focus, and its full aperture open, the 
markings above described are wholly invisible ; but as the apertuie 
is soccessiTely diminished by the revolving diaphragm» the object be« 
somes more and more distmct, and is perfecUy defined when the 
aperture ol ^e illuminating pencil is reduced to about 20*^. Tlie 
same point may be attained, although with much sacrifice of defini* 
tion, by gradually depressing the condenser, so that the rays may 
diverge before they reach the object ; and it may be remarked gene- 
rally that the definition of objects is always most perfect, when an 
liiuminating pencil of suitable form is accurately adjusted to focus, 
that ia, so 3»at the source of light and the plane of vision may be 
conjuf^e fod of the illuminator. If an object-glass of 120^ aper- 
ture or upwards be used as an illuminator, the maikings of Ditto* 
macese will be scarcely distinguishable, with any object-glass ; the 
glare of the central rays overpowering the effects of stmctute on 
tho&e that are more oblique. 

" On the Formation of Powers from Arithmetical Progressions." 

By C. Whentstone, Fah .. F.R.S. 

Tlic same sum may be formed by the additljn of an arithmetical 
l)roirrcs^i<>n of n terms in various ways. Hence we are enabled to 
coii:<truct a great variety of triangular arrangements ui arithmeticid 
progressions, the sums whidi are the natural seties of square, 
cube and other powers of numbels. Among these there are several 
which render evident some remarkable relations. 

£attk ol the lowing triangles is formed of a series of arithmcti- 
cal progiressioas, the number of tsrms inoteasing successively by 
unity. 

'I'he first term of an arithmetical progression of n terms having a 
commoa dilfeieoce o, and whose sum is n*, is equal to 

f I. SQUARE NUMBERS. 
If 3sR«, the first term ^^n^^l-^n). 

A. 

Every square is the sum of an arithmetical progression ol" n 
terms, the first term of which is unity and the difference 2. 
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1 =1» 

1 + 3 =2« 

1 + 3 + 5 =3« 

1 + 3 + 5 + 7 =4« 

1 + 3 + J + 7 + 9 =5« 

1+3 + 5 + 7 + 9 + 11 =6« 

1 + 3 + 5 + 7+9 + 11 + 13 =7« 



111 us, eveiT square number is formed by the addition of a series 
of odd nnnibers oommenciiig with unity; a reeult universalljr 

known. 

The difference of any two square* is either an odd number, or the 
sum of consecutive odd numbers. 

Eacli series may be resolved into two others consisting of alter* 
Date odd numbers, the respcctivv! sums of which are two adjacent 
triangular , numbers, the addition of which it is well known forms a 
square. £r. : 

1+5 + 9+13=28 
3+7 + 11-21 

B. 

Brery square »* is the sum of an arithmetical progresdon of n 

n + 1 

terms, the first term of which is » and the common difference 1. 



1 =1* 

U + 2i =2* 

2 + 3 + 4 .....=3i 

2i + 3| + 4i + 5i .,.=4« 

3+4 + 5 + 6 + 7 =5« 

3i+4K'H + 6| + 7i + 8i =6« 

4 + 5 + 6+7 + 8 + 9+10 =7« 



This arrangement renders evident that every square of an odd 
number is the'sum of as many consecutive natural numben as the 

root has units. 

Every square of an odd number is the ditiercncc between two tri- 
angular numbers the bases of mIhcIi arc respectively ( o/^ + 1) and n. 
For, the sum of any sicries of iiatuial numbers ib the difference of 
two scries of natural numbers commencing vrith unity ; and since, 
as it is shown above, every square of an odd number is the sum of a 
series of natural numbers, it is also the difference between two tri« 
angular numbers. 

It is also evident that series, the sums of which are squares of odd 
number?, may be so taken that, when placed in succession, they will 
form an unintermpted proc^ession of natural numbers commencing 
with unity, the sum of which is a triangular number ; 
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(l)+(2+S+4)+(5+6+7+«+9+10+ll+12+13)...&c.» 

( l« + 3'H 9' + 2 7« + (3«)«)=s 

a triangular number the base of which is the series 

(l + a + 9 + 27 +3'). 

§ % CUBE NUMBERS. 
If Ss»s^ the fint term s»«+ 1( I -n). 

C. 

Bvery cube is the tarn of an arithmetioal pfogreBuoa of n 
terms, the tet term of mrbieh Is unity, and the difeenoe 2(« + 1). 



1 =1» 

1+7 «3s 

1+9+17 s8* 

1+11+21+31 s4» 

1 + 13+25+87+49 =6» 

1+15+29+43+57+71 366« 

1 + 17+33+49 + 65 + 81 + 97 3=7» 

D. 

Even,' cn1>c is the sum of an arithmetical progression of « 
tcrm»« the first term of which is the root ii, and the difference 2ii* 

1 =U 

2+6 =2> 

8+9 + 15 s=3» 

4+12+20+28 =4» 

5+15 +25 + 85+45 =5* 

6+18+80+42 +54 + 66 =:6> 



7+21+85+49+63+77+91 ....=s7* 

The last terms of these series are the alternate triangular num- 
bers. If they be rcspectiTely ^vided by the first terms, the quo* 
tients will be the series of odd numbers. ' 

E. 

"Fvrry cube n' is the sum of an arithmetictil proQ:re?8ion of n 
terms, the first term of which is (»^— Jt+ 1), and the difi'ercnce 2. 



1 «P 

3 + 5 =2» 

7 + 9+11 =3» 

13 + 15 + 17+19 =4» 

21+23+26+27 + 29 »5» 

31+33+35 +87 +39+41 n:6« 

48+45+47+49+51+53+55 ....b7> 
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lluft« it will be observed, is a trnfolar amuigwiwit of Afwemi 

numbers in their regular Older. 
Every cube is the sum of ail many eonaectttive odd numbers aa 

there are units in the root*. 

The known theorem, that the sum of the cubes of any succession 
of the natural numbers commencing with unity is equal to the square 
of the sum of the roots, or, in other words, to the square of the cor- 
respuuding triangular number, is an immediate consequence o£ the 
alim. 

(l«+2»+a»+4» +a»)=(l +2+3+4... +•)«»= J. 

The ram of any aeriea of odd numbera oomasencing with unity 
being equal to the square of the number of terma (A.), the sum of 
the numbers in any triangle formed as above is necessarily equal to 

the square of a tnnngular number. It is also easy to see that each 
cube itf rhc difference between the squares of two consecutive trian- 
gular numbers ; and, that the difference between the squares of any 
two trian^lar numbers whatever is the sum of consecutive cubes. 
The following e(^uations have been found by ascertaining "what dif- 
ferences of the squarea of two triangular numbera aia equal to nngle 
cubes 

3»+4«+6*= e» 

UH 12*+ 13H H'aaM^. 
F. 

Bvefy cube a^ la the ram of an arithmetical progresnon of a terma» 



the first term of which is a triangular number ■ 7^ ■» and the dif- 
ference:sa, 

1 =1' 

3 + 5 =2» 

6 + 9 + 12 =3* 

10+14 + 18 + 22 w4* 

15+20+25+30+36 s5* 

21+37 + 33 +39 +45 +61 ^& 



28+35+42 + 49 + 56 + G3 + 70 ....=r7* 

Each number contained in this triangle is itself the sum of an 
arithmetical piegression of a teima. Tiu, taking the fifth row for 
example 

* Since the present note wai communicated to the Royal Society, I have found 
tliftt this relation has been already noticed by Count d'Adhuinar( Tom/; frs RendtiMt 
totu. xxiu. p. ijOl ). Cauchy ubservM, " ouoiau'cUe puUsCf comme un le voit, se 

dMaive des priacipes d^oottnas» toul«lmi» wesitaMM earieaseettrte rimpla.*' 
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SO 

4 + 5 + 6 + 7 + 8= 80 

5 + 6 + 7 + 8 + 9= 35 

125=5» 

The sum of all the number^^ coTitaincd in a square thn? formed 
is equal to the cube of the uuniber which occupies the upper right- 
hand uiul luwer left-hand corners. The sum of the numbers in eitlier 
of the diagouab is the corresponding ^ouare, and in the case of the 
odd namlm the sum of the middle homontel or vertical line is also 
the Kjoare. 

Thia last-meBtioned relation wee pointed out hy Liehtenberg*, 
who stated the theorem thus II a be a whole number, and A be the 
sum of all the natural numbers firom 1 to then t 

e»=A+(A+«)+(A+aii)-i-(A+8a) +(A+ [«-!]«). 

G. 

Kvory cube «* above 1 is the sum of an arithmetical progression 
of li terms, the first term of \\ hich is (a— 2)', and the differences 8. 

0+8 MS^ 

1+9+17 «8« 

4+12+ 20+28 =4» 

9+17+25+88+41 «5' 

16+ 24+82+40+48+56 »s6' 

25+88+41+49+57+65+78 .,.,^7^ 

Bach progression of this triangle, ooDsistlng of an uneven number 
of tenna, contains two consecutive odd square numbers. 

An tnifiifmi^plMf arithmetical progression oommencing with unity 
and proceeding by the constant addition of 8, arranged in a trian* 
gularfbrm, presents some curious results. 1st. The first tenna of 
ench line are the squares of the oddnumber« m their rcgailar sequence. 
2nd. The sum of all the numbers in my two adjacent lines is the 
cube of an odd number. 

****** *!•••• sa 8* 

*+^^ ....= 5« 

25+88+41 ( ^ ^, 

49 +57 + 65+ 78 ga 

81 + 89 + 97+105 + 113 .. j **" ..^^ 

121+129+ 137+ 145 + 153+161 
It id evident from the preceding arrangement that 
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Tlni» any triaiigiilar number mnltiiilied by S with 1 added is equal 
to the square of an odd number; or, any square. of an tmeven 
number minus X is divisible by 8. and the quotient is a triangular 
number. 

4 3. 

Of the higher powei^ I will confine myself to one example. 

H. 

fiver}'' fourth power is the sum of an arithmetiral progression 
of n terms, the first term of which is and the ditt'urence 2s^. 



1 =1* 

4+12 «2* 

9+27 +45 =a* 

16 +46+80+112 «4« 

26 + 75 + 125 + 150+225 =5* 



36+108+180 + 252 + 324 + 396 .... =6* 

This triangle coiisists of the pro^sBions in (D.) multiplied re- 
spectively by n, or of those in (/\.) multiplieti by n*. 

" On the Structure and Functions of the Rostellum in JJkteru 
wata" By J. D. Hooker, M.D., F.U.S. 

The author first gives an account of the form and structure of the 
rostellum of Listcra ovaia, and its relation and position to the anther 
and stigma. He finds that the rostelkim is divided by parallel septa 
(at right angles to the plane of that organ) into a series of longitu- 
dinally elongated loculi, which grsdudUy taper from the base up* 
wards, and terminate at two opake oeliular spots, one on each aide 
of the apex of the rostellum, towards which latter the loenli alao 
converge. When the flower is fully expanded, these loculi are dia- 
tended with a viscid grumotts fluid, full of chlorophyll granules. 
Their external walls, and the septa dividin?^ tlicm, arc formed of a 
delicate , transparent tissue^ which is cellular at the base and apex of 
the roijtelium only. 

Their grumous contents, when examined at the earliest period of 
development, present the appearaiice of opake club-shaped com- # 
pressed bodies, with areolated surfaces ; a form and appearance that 
may be restored at a later period by coagulating with alcohol. 

At the period of impregnation the slightest unitation of the roa* 
tellum causes the sudden and forcible discharge of the contents of 
these loculi (through the rupture of the celliUar tissue at the apex 
of the rostellum) jind its protrusion in the form of two viscid glands, 
which coalesce into one, after which the rostellum rapidly collapses 
and contracts. 

Tlic pollen- masses, when freed from the anther-case, fall naturally 
upon the rostellum ; they are retained there by tlieir viacid gland-like 
contents, and. breaking up, the poUen-grains become (by the con- 
traction of the rostellum) applied to the subjacent stigmatic surface. 

The author adds remarks on the structure of the rostellum in 
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allied genera of Orchideae, aud indicates some of the more important 
morphological chuiiges to which that organ subjected, in con- 
nexion with the development of various appendages to the colunm 
and pollen in the same natoral family. 

** On the Imnictiuitc Principles of the Excrements of Man and 
Animals in the Healthy Condition/' by William Marcet, M.D. 

The author deacribea a new method of extracting the immediate 
die m ical constitiientB of the excrements of Man and animals, and 

g[ives an acconnt of the substances obtained by its employment. 

Healthy human feces are boiled to exhaustion in alcohol. The 
residue is in«olul)!e in aether, and yields to boilin<^ water nothing but 
ammoniaci) !rKt<;iu sian phosphate. The strained alcoholic solution 
deposits, oil £.tuiiding, a sediment, from which it is decanted and then 
mixed with milk of lime. The subsiding lime is of a yellow-brown 
colour ; it is dried un filteiing-paper and treated with aether, cold or 
hot, and the solution thus ohtained yields, on spontaneoua evapora> 
tion, beautiful silky crystals, which are purified by solution in a 
mixture of alcohol and aether, repeated filtration through animal 
charcoal and recrystallization ; they then appear in circular groups, 
hare the form of acicular four-sided prisms, and polarize light very 
readily. This crystalline body the author proposes to call Excretine. 
It is very soluble in atlu r, e ld c r liot, but sparingly soluble in cold 
alcohol; its solution has a decided though weak alkaline reaction. 
It 18 insoluble in hot or cold water, and is not decomposed by dilute 
mineral adds. It fuses between SS'' and 9^ C, and at a higher 
temperature bums away without inorganic residue. When boiled 
inth solution of potash it does not disserve. As to its qualitative 
constitution, it is found to contain nitrogen and sulphur, though in 
small proportions ; the products of its decompoaitiou have not yet 
been investigated. 

The author has in several cases observed the excretine to crystal- 
lize directly in the alcoholic solution of fseces before the addition of 
fime« and has scarcely any doubt that it exists for the most part In 
a Iree state in the excrements, and constitutes one of their imme- 
diate principles. As to its source, he observes that it appeared in 
excess when a considerable quantity of beef had been taken, and in 
less than the usual quantity in a case of flinrrhten nttcrtdcd with 
los*; of appetite; but none could h'l directly obtained from beef on 
subjecting it to the same proce^b oi extraction as faeces. Neither 
could it be iuuiid iu ox -bile, the urine, or the substance of the spleen. 
From the difficulty of obtaining the contents of the human smidl in- 
testine in a healthy state, its presence or absence in that part of the 
alimentary canal has not yet been satisfactorily determined. 

The lime precipitate, after having been thus thoroughly deprived 
of the excretine by cctlier, is next treated with hydrochloric acid, 
and water or alcohol, by which means margaric acid is extracted 
from it. llie author is uncertain whether the margaric acid of the 
faeces b free or combined with excretine, but he is disposed to con- 
clude that the neutral fats are decomposed in the intestinal canal 
and their add set free. Not having been able to detect atearie add 
FML M^. 4. Vol. 9* No. 56. Jan. 1855. F 
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la taOMb tfftouationB, 4m supposes tet wkst is contained in tlie fat 
of mutton or beef taken as food must be wn yc it e d into mwgeric 
aeid in it? passage throaph tbe alimentary cnnnl. 

The lime precipitate, freed from excrrtinr and dissolved in alcohol 
by means of liydrochloric acid, forms a dark port-wiDe-coloured solu- 
tion, from which the margnric acid is deposited. On then adding 
water to the solution and conceutretting it on the water-bath, a flaky 
eolourinf mutter separates, which, being puriiadby eolMtion in srtber 
and ymimg with water, is obtuned as a dark4»swa nr black amor* 
hImus substance, eimilar to the colouring matter of blood* and to 
that which Dr. Harley has lately extracted from urine. 

The matters brought down 'with the h'me having been thus ex- 
tracted, the sediment whicii spontaneously subsides from the alco- 
holic solution of fajces before its treuUnent witli the milk of lime, is 
next examined. This deposit appeius to be complex in its nature ; it 
has a stron^y acid reaction, and presents under the microscope small 
oSijr gVtelas* mixed aoaMtiaicsintliciTstale of eiCMtlne and aecooa* 
paniad by a yellow amorpbous matter. B7 boiling with aloohel and 
filtmtion, a residue tumainn which the author has net yet examined, 
and two mibirtaneae are cbtoined from the filtxate. The &rst is de- 
posited on coolini:^ ; when collected and dried on filtering'-paper it 
has a granular character and is quite colourless ; it i« very sj)iirinL:;ly 
soluble in aether, fuges by heat, and bums with a briplit luliguious 
iiame, leaving a white residue consisting of phospiuite of potash. 
The author hias not yet been able gatis^irtorily to decide wbetber 
tide IS a fnve inunediate principle or not ; he is inclined to eon sid er 
i| ae a'Oombiaation of phosphate of potash and a pure oiganic snb- 
steioe. The filtened illid, after separation of this matter, still oon- 
tains a substance which he has called Excretolie acid. It is obtained 
by evai>oratinf; to dryness, extracting the residue with Eethcr, adding 
to the sethercttl solution alcohol and lime-water, and heating. The 
acid is precipitatc*<l in combination with Hnie, fioin wiach it is sepa- 
rated by means of bulphuric or hydrochluric acid and solutiuu in 
wAm* Tbe ethereal solution, aftsr being wdl washed widi water 
to imnofc mineral aetd, yields the pare ercretolic acid on evuponu 
tion. This body is of an oUre colonr; it fnics between 95^ and 
36° G„ and at a higher temperature bums without residne. It is 
inpohshle in water and in a boiling solution of potash ; very soluble 
ill fcthcr, i^paringly soluble in cold alcohol, readily Pf> in hot; its 
solutions having a oiLirkod acid reaction, 'i'hc author is dmposed to 
believe tliat in excrement it is combined in form of a ^t, with ex- 
credue or a basic substance closely allied to it, which is obtained in 
the ffltrate ftom which (Jie eicretolic acid is precipitated in com* 
binalioa with Ume in tbe piocess of its pniification. 

The author failed to obtain evidence of the presence either of 
butyric or of lactic acid in the clear alcoholic solution of faeces filtered 
from the precipitate formed by the milk of lime. From tli^ aho%'e 
investigation, therefore, it appears that healthy human excrements 
contain : — 

1. A new organic buhiblanci:, possessing an ulkaline reaction, which 
the author names Ejccrttim* 
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2. A fatty acid, hayiog the properties of margaric acid, but not 
constantly present, 
a. A colouring matter, similar to that of blood and lurtne. 

4. A Ugbt granular substance, whose properties have not yet 
been suiEdently examined to admit of its being considered a pure 
sobstance. 

5. An acid olive-colouxed substance, of a fatty nature, named 

Etcrttolir and. 

6. No butyric acid and no lactic acid. 

TTie fsece? of various animals were submitted to the same pro<^s 
of aiialygLs, with the following results :— 

1 . The excrements of carnivorous mammalia, viz. the Tiger, Leo- 
pard and Dog (fed on meat), contain- a substance allied in its na- 
ture to escretine, but not identical with it. They contain no ex* 
crctine; they yield butyric acid, which is not present in human 
excrements. 

2. The excrements of the Crocodile contain cholesterine and no 
uric acid, whilst those of the Boa yield uric acid and no cholesterine. 

3. The faeces of herbivorous animals, viz, the Horse, Sheep, Dog 
(fet? on bread), Wild Boar, Elephant, Deer and Monkey, contain no 
txcrctiiie, no butyric acid and no cholesterine, 

" On the Vine-Disease in the Port-wine Districts of the Alto- 
Douro, in April 1854. With a ibup])lemcntary Note on the Proposed 
Remedies for its Eradication." By Joi. James Forrester, Esq., 
F.R.G.S. ' 

In Portugal, where the Tine-disease committed great ravages last 
year, no measures have as yet been adopted for ascertaining whe- 
ther the disease is radicai, or only superficial; or whether any 
praetieal rmeip may be adopted in order to arrest the progress df 
the evil. 

At Oporto, and in the north of Portugal, an opinion prevails — 
"That the Oidium is the effect, and not the cause of the epidemic. 
** That the Toubi and the 'wood of the vines are diseased. 
" That sporules of the Otdium exist in the interior oi tiic vine, and 
about its roots. 

"That the obstruction to the ascent of the sap through the 
various ducts, originates in the roots. 

"Hat black spots appear in the joints of the branches, indicating 
that disease exists throughout the body of the vine. 

" 7'hat a new fungus has appeared on tlie vines, in the shape of 
small rrlobules, containing carbonic acid. 

And " that, althouL:li vegetation may continue for a while, the 
fruit will not ripen, and the vines will die in a couple of years from 
this date." 

Considering that it would be of some importance to determine 
whether the disease has its origin in the roots or from external 
causes, and with a hope that some practical cure for the diseased 
vines grown in the open air may be discovered, I record the results 
of my own observations of the progress of the vine-malady in the 
Alto-Douro, 
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The Port-wine District extends eight leagues west and east from 

tlie Serm <1o Mnrno (an (.•lovation of 4400 feet* from the level of the 
sea) to the Quinta do Baleira, near Sam .Toao da Pesqueira, and 
four leagues uoith and south, between \ lUa Heal and the city of 
I^'imegot. 

The winter streams, tribataries to the Douro, on the right bank, are 
the Sermenha, Corgo, Ceira, Pinhao, and Tua; and, on the left, the 
Varoza, Temilobos, Tcdo, Tavora, and Torto. 

At Baleira, the Douro runs at an elevation of not more than 250 
feet ; whence some opinion may be formed of the nature and inequality 
of the country, and of the numerous abrupt mountain ridges, on the 
inclines of which the vines are grown. The Wine-Districts of the 
Alto-Douro form a long irregular ba^n, girt by the granite chains 
of the i ras-os-Montcs and iicxia ; uud this being for tliu most part 
of ecbUt formation, and protected from the bleak winds, is parti- 
cularly adapted for the cuJtwadon of the vine. The strata of the 
margina of the Douro difier from the higher and middle grounds 
in character, '* being composed of strong days, more of less ' 
micaceous." 

The extreme northern and southern boundaries — from the Serra 
do MarSo to Favaios, and from the tSerra do Monte Muro (near 
Lamcgo) to Sam Joao da Pcsciueira — are undulating mountain 
plains of still heavier soil, and more suitable for the growth of firs 
than vines. In former years, this fact was clearly defined by the 
Royal Wine Company, who divided the districts into two, one 
being termed Feitoria( where the most superior wines were produced 
and classified for exportation), the other Ramo, where only very 
inferior winoo. for the consumjStlon of the country and for distilla- 
tion, were produced to a small extent. Now, the two districts have 
become one ; the plantations of pines on the heights and the corn- 
producing valleys having alike been converted into vineyards ; the 
guantiti/t and not the quality ^ of the produce being the results sought 
by the wine-grower within this prinleged demarcation. 

One thousand vines generally produce a pipe of wine, and the 
total number of vines in the Port-wine Districts above described 
may be estimated at 90.000,000. 

In the summer time, there is great scarcity of water throughout 
the district. Tlie vineyards are for the most part situated on abrupt 
mountain sl(>])C^-, the vines being planted on terraceg, whicli are not 
appropriate fur the cultivation of anything else. The viuc^ are 
grown not higher than three feet from the ground, and arc planted 
about six feet apart, supported with canes or stakes. The labour 
in the vineyards is performed by the natives of Gallieia, who vtstt 
the district three or four times a year in search of employment. 

In July 1S30, I first observed a blight on three or four vines, at 
a considerable distance from each other, in the Wine Distiicts. The 

* " Considerafoes (rf^rnes ^nhre a Constttaifiib Geoiogicao do Alio*Do«nft.*' Bf 
Dr. J. P. Rcbcllo. Porto, 1818. 
t See map of the \Vlne*DUtfictt of tbe Alto-Douro. Dy J. S, Ponviter, 
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geneml appearance of this blight to the naked eye greatly resembled 
that which appears on the peach*tree and the rose. The Douro 
iannen had often previously noticed a siinilar po* bnsneo (white 
powder) on the yines. 

In 1 85 1 the season was favourable, and the vines (on which we 
had observed the blight in the previous year) were vigorous, and 
produced perfect fruit. The vintage of 1851, throughout the Alto- 
Douro, was excellent. In 1852 there was much wet and cold ; the 
blight again ap])eared, and the vines were attacked to the extent of 
about one in fifteen hundred. The vintage of 1 852 was of inferior 
qoality; bnt no one ascribed the failure to any disease in the vine. 
From the autumn of 1852 until midsummer 1853, oontuiued lain, 
sleet, hail, and bleak winds pvevailed, and In 1853 there was no 
spring. In March of the same year the navigation of the Douro 
\va«s Impeded, and the bar rendered impas?ablc on account of the 
(IfKuls ; and in April and May of the same year, prayers were offered 
up in the churches throughout the Wine Districts for fine weather. 

In March 1854} only half-cargoes could be brought down the river 
Douro, on account of the want of water, and rain was prayed Ibr. 

Early in June 1858, the heat became suddenly intense, and the 
vines had already hurst forth with great vigour; whilst, in the 
middle of the same month, the nights became as cold as in winter. 

In the mo?t exposed situations the vines received tho preatest * 
shock ; the circulation of the sfip wa*? evidentlv dcrnnircd, [ind their 
fruit witliered as soon as it a])pearcd. In some ncighbouiing vine- 
yards, less exposed, the grapes grew no larger than peas ; they 
weie dien. suddenly eorered with the blight (now dengnated tbe 
Oldhm), and in about three days became rotten. 

On the inclines of the mountains on either hank of the river 
Douro, the waters had mn off, and but little blight appeared. In 
the low and hca\'y ground?, the most ^hcltcTcd from the winds, 
the waters remained stas^nant ; yet the fruit grew to its full size, 
and had come to maturity, when the new wood, leaves, and fruit 
were all, to a greater or less degree, covered with the Oaiium. The 
blight sometimes attacked entire vineyards, and at other times only 
partially afiected one property, and then showed itself in others at a 
distance — ^mtermediate estates bdng for the time wholly untouched. 

It was in July 1853 that the existence of the disease in the 
vineyards of the Douro first attracted particular attention ; but 
many vines bctrnycd no unhonltliy symptoms until the fruit was 
nearly ripe. 1 he upper part of the branches was first attacked. In 
some instances the woody part of the young branches was speckled 
with the Oidium, while the bunches of fruit were apparently alto- ' 
getfaer free from it. In other instances, the grapes became touched 
with the disease immediately before the vintage, but the woody 
part of the branches betrayed no such symptoms. In some vines, 
which I supposed had altogetlier escaped the disease (and long 
after the fruit was e^atben d and tlie leaves had fallen off). blotcho« or 
stains, evidently tin. nvicfTunu of tlic Oirfhtm, appeared on the wood. 

The usual number of seeds in a black grape is two or three ; but 
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tn the year 1858, in all instencet the grapes, vhich at fint pro- 
miaed abondance of wine, were found each to contain from three to 
five seeds. 

Twenty-one bn=kets of grapes usually produce one pipe of wine; 
but in the year icSj3, a ppc of wine was rarely obtained even from 
thirty baskets o£ grapes. From seven to nine pipes of ordinary wine 
generally give a pipe of braudy, 20 per cent, above iiritiah proof; 
but in the year 1853, from ten to twelve pipes of ordinary wine 
were required to give one pipe of bnuui^ of that strength. 

Winea, when properly made, should he trodden eontinu^usly for 
36 hours In the hgar (an open stone vat), and remain there for 36 
to 48 hours more, until the tumultuous fermentation be completed, 
when they should be run off into kroner tonels (wooden vats, not 
tightly bunged), where the sccontl f rmentafion will be completed 
about Christmas. In isr)3, in &ituatioijs win. re tlic disease most 
prevdiied, the grapes fermented before tliey bad been Uoddtu moie 
than twelve hours* when tiie wines were drawn off and passed into 
tonels, where hrandy, as a precautionary measure, was given to them. 
The fermentation of these wines ceased altogether before the 15th 
Ootober. In other situations, wliere the disease had not made pro- 
gress, the grapes were sound ; and, where they were properly crushed 
and fermented, they produced excellent wiue, without the addition 
of brandy. 

Wines, during their second fermentation, deposit a thick coating 
of argol on the sides of the tonels. In 1853 there was very little 
argol deposited ; but the gross lees of the wine were in |^at de« 
mand, and sold for about 15s. per basket,«a sum which in former 
years might almost have purchased double the quantity of grapes. 

In tlio same mimner as the form and cofour of the wooc^ leaves, 
and frnit of vine* (differ, so does their pith vary in appearance, 
acrordinn: to the age of the wood or the quality of the vine. The 
pith in an old vine, when the sap is risking, graduates from a deep 
Vandyke brown colour to a pale yellow, the shade being always 
darker near tlie joints. 

In April 1854, 1 rooted up many vines of difiierent qualities, and 
in various sttuations, and I was unable then to detect any remariuble 
appearance in the interior of the vine different from what I had 
seen in other years after continued wet and cold weather ; but the 
exterior of all the last year's liranehes bore palpable evidence of 
having been violently attacked with the Uuiium. Some vines h:id 
snfTered more than others, and many of their vessels were t viiU ntly 
choked} but, in most instances, in cuttmg the vine longitudinally, 
this ohstmotion was found to have arisen either from wounds, bad 
pruning, or natural decay. I found no black spots at the joints of 
the branches; and, with the exception of the stains left by the 
disease of last year, the vines looked healthy and vigorous, throw- 
ii^ out strong shoots and promising an abundance of fruit. 

Towards the end of April 1854, much rain fell in the district; 
the easterly winds destroyed the younc^ ))ranches ; and in exposed 
situations and heavy soU^ the Qidiwn a^arn made its appearimoe* 
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In 1853, the disease attacked the vines bodily, and almost simul- 
taneously : whcrcns, in 1854, the O'idium appears to be creeping 
out uf t]\i ^km uf the last year's wood, aod insidiously to extend 
iUell uvei the brandies. 

The globules (to which aUu&iou hab bcL-ti made abuvc) cover the 
young shoots. I ha^e been familiar with these for twenty-three 
yeais past, and the Douro ^mers call them the ' pt respiration" of 
fba Tiae« They do not iodicale disease, whereas the smalleat 
possible quantity of the po' branco, or white powder, being transferred 
to a perfectly healthy vine, immediately infected it. 

In the Alto-I>ouro the oranges, lemon«, citrons and limes have 
all been bliichtcd, aud every kind of vegetable appears to be suflfer- 
i ng fi uui Mckness, 

The vines which suiicrcd mo^t in the Alto- Douro, in iS53) were 
the Muscatel* Malvazia, Alvarilhao, Ferral, Agadanho and Senzao. 

Since my arrival in this country I have noticed that the vines 
grown oa walls in the open air, vines grown in greenhouses* vines 
grown in hot-houses, vines forced, all show identically the same 
effects of the Oidkm of last year, as exist on the vines in the Alto- 
Douro. 

Takini; into coii«iderRtioii the circumstances above narrated, 
1 have come t i the conclusion, — 

That the Oidtum is the cause, and not the effect of the disease ; that 
the inclemency of the season in 1853, by checking the circulation 
of the sap in the vines, produoed a predisposition for disease; that 
if the Oklkm oantiB«es to apjiear on the branches of the vines, it 
ia only too probldile that it may in a very few years be destroyed; 
that the globules are a sign of h^th and not of disease, and have no 
connexion whatever with tlie fun^s called Oid'mm ; and that if the 
germ of the Otdium, probably still lurking on the old branches, can 
be destroyed in the open air as elfectually as it appears to liave been 
destroyed under <_Hasp, then 1 feel persuaded that all the vines in the 
Pbrt-winc districts uf the Alto-Douro may be saved. 

** Supplementary Note on the proposed Remedies for the £radi» 
cation of the Vine-Malady." 

1st. I will take the annual production of wines in the Port>wine 
districts of the Alto-Douio at 80,000 pipes Instead of 90,000, and 
tbs nsnber of vines to be treated as diseased at 80,000.000. 

Ihid. The value of freehold land in that district, for the growth of 
1000 vines, or one pipe of wine, may be estimated at 50/., yielding 
an interest or rental of 3/. per nnnnm. 

3rd. 'Hie total freehold value of the vineyards in those districts 
may be estimated at 4,000,000/. sterling, giving an annual revenue 
of 24O.O00/. 

4tb. In the event of the disease not being checked In its progress, 
and the grapes being destroyed this year in the AlUh-Daiwn, m mhd* 
mmn loss of 240.000/, will be sostained, and sbotdd tha vines pedsh, 
die loss may be 4,000,0001. 

5th. Portbgal is said to produce annually 1,000,000 pipes of 
wine of all sorts and qualities, but I will OBtimate the UM pfodnm 
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tion at 800,000 pipes, and the total number of vines in the country 

at 800,000.000. 

If Flour of Smtphw be used, the leaves, branches and ihoots are 

first moistened as equally as possible with a syringe; then the 
whole is dusted with sulphur, which adheres to the moistened 

surface. 

This operation would Iimvc to be repeated thrice, and would con- 
sume two ounces of sulphur for every vine, in each of the operations, 
making a total of 4SO.000.000 ounces, or about 13.392 tons for the 
treatment o£ the 80,000.000 vines in the Alto-Donio, and 188,920 
'ons for the vines of the whole county. 

Sulphur would not co^t less than lOf, per ton, delivered in the 
centre of the Alto-Douro districts, or in any other part of the inte- 
rior of Portugal. ITie expense of sulphur required for the Donro 
would be n:V.n'20/., nnd for the whole country 1,339.200/. 

One man could inolHt( n oiic vine in one minute, and auother man 
could dust it with sulphur in the same time, so that two men could 
perform the complete operation on about 700 vines daily, at a cos*t 
of Is, 3c/. each man for labour, making a total of 14,285/. in the 
Alto-Douro. and 143,850/. for all Poitugal. 

I will suppose that there are 4000 vineyards in the Alto-Doiiro, 
planted each with 20,000 vines. The first c^t of syringes and 
fonigators would amount to not less than 10/. for each vinejard, or 
a total of 40,000/. for the Alto-Domo. 

One quart o( writer would be required for every vine in eacli npe- 
rition, making a total cf nbont 00,000 pipes, the cartage of which, 
and the labour of di^^tributing it over the mountain vineyards, in 
tubs, on men's heads, would cost a minimum of 10#. per pipe, or a 
totid of 45,000/. for the Alto-Douro, and 450,000/. for the whole 
conntrj* 

Recapitulation. 

In the Doaro. In the whole 

ooonUy. 

For sulphur, say £135,000 £1,350,000 

For labour, at £15.000 for each of thel ^ 

three operattons / ' ' 

For water, at £45.000 for each of the 

three operations, or as much as the > 135,000 1,850,000 

sulphur .J 

For instruments 40.000 400,000 

£855,000 £3^550,000 



TTiis is independent of nny charge fnr factors or superintendents, or 
for the extra expense in treating vines and vineyards which are SO 
much further apart than are those in the AIto-J3ouro. 

U'his expense to be incurred in the endeavour to save one year's 
crojif would be equal to u charge of 4/. lOs. per pipe, or to a year 
md a kaffs remiMi of the vineyards, or to mure than the whole revenue 
ol Portogal for an entire year* 
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If a solution of lime and sulphur be employed instead of Jiour of 
ndphur, the operatkm wottld not be less expensive. 

II, In coi^/iiMlMHi wUh like mdpkminif of tbe bnmcfaes, the roots 
were to be exposed, and snlphor end lime tluown upon them, I ooold 
not estimate the total expense at less than 1^. to \\d* per vine, 
which would entail a charge eqnnl to another year and a half's 
rental of tlio vineyards, or 18 per cent, on their freehold value for 
the chance of Fnvins^ one year's crop. 

AETtiin, if the trunks of the vines be bored and the sulphur in- 
serted, this most delicate operation could only be performed by the 
facton themselves, and if the i^nee were to be ent down to tiie 
ground and grafted with enttings from sound vines, the entire ope* 
ration (which could only be performed by the factors) would cost 
1^. to l|if. for each vine, or as much as the sulphuring process ; 
and besides this, there would be a lo«? of four years' produce at 3/, 
per pipe per annum, making a total loss of 16/. iOs. in every vine- 
yard growing vines capable of yielding one pipe of wine, or about 
33^ per cent., or one-third of the freehold value of the estate. 

Lastly, the dressing of the trunk and branches of 800,000,000 
vines with mineral tar eoidd not be earried into operation witiiin 
any reasonable period, on account of the tediousness of the process 
and tiie scarcity of labourers. The expense of the tar woidd also 
be a bar to its being used. 



XII. Jni^liffenee mid MiteeUaneout Ariidet. 

ON A FSCULlAJi PH.ilNnMi: NOX IN THE ELECTaO-DEPOSITION OF 

ANTIMONY. BY M&. G. GORE. 

IF a piece of metallic antimony is connected by a wire with the 
positive pole of a small Smee's battery of one or two pair? of 
platr«, nnd immcrped in a solution of hydroclilorate of tcrcliloride of 
antimony, i. e. the ordinary chloride of antimony as prepared for 
pharmHceutical purposes, and a clean piece of sheet copper of 
similar size, or a little larger, connected by a wire with the negative 
pole of tbe battsry, and immersed in the same liquid, at a distance 
of two or three inches from the antimony, a strong cnirent of ekc- 
trfeity win pass througli tlic liquid, and metallic antimony wUl im- 
mediately be deposited all over tbe piece of copper, and will form a 
distinct coating in two or three minntes ; if the power of tlie battery 
is too strong, Uie deposited metal \\\\\ have a dull appearance, and 
less battery power should be employed, or the piece of antimony 
immersed to a smaller extent in the liquid ; the deposit will then in 
a short time assume a hnc bright appearance, somewhat similar to 
highly polished silver. If tiie process be allowed to continue for 
twenty-four hours, the coating of antimony will be at least half the 
thickness of a sixpence ; and by continuing it for eight or nine days, 
I have obtained a continually bright and reguline deposit of upwards 
of half an inch in thickness. 
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If, durinp^ nny part of the time the depot^it is progressing^, the 
deposited antimony be taken out and struck s^cnliy, or rubbed, with 
any hard substance, such ai metal orglai«8s, an explosion occurs, with 
ft small cloud uf white vapour, sometimes with a Hash of light, and 
nearly always with considerable heat, sufficient to burn one's fingers, 
melt gutta percha, bum paper, and even scorch deal wood quite 
brown, and inTariably accompanied by fhicture of the deposited 
metal ; sometimes, if the prooeaa of depotition has been interrupted, 
and the deposited metal it not homogeneous, only a thin scale falls 
off, in such case the explosion and lieat arc les? ; in other instances, 
where the process was regular and tlio metal homogeneous, the 
fracture extended quite through tiie metal to upwards of onc-cighth 
of an inch in depth. 

I have obaenred this phtenomenon in about nine instances, in 
eereial of which the exploeion took place even in the iifuid, by 
atrikiog the deposit against the glais cuntainiiig vessel ; and in one 
instance it occurred after the metal had been w ell v i lied wilh<filate 
hydrocblono acid, dhadt and had remained out of the liquid seveial 
hours. 

The ^ anii jihopnomenon occurred with deposits oi)taincd in a solu- 
tion com])o L tl (tt cm tiuid ounce of the antimony lictuid, and half 
a iiuid uuueu uf a saturated aqueous solution of hydrochiuiuLe of 
ammonia* 

Birmingham. 



ON TlIK COMPOSITION AND PRuriiRTlES OF FATS. BY O. HEINTZ. 

According to the investigations of Heintz upon fats, these bodies 
always fumisli, oti saponification with potash, fatty acid"' -'nd i^lvec- 
rine, as indtnl lias been known ever sinco Chevreul's exjitriuieiits. 
According to the authors experiments, tho acids of tike acetic acid 
serici, expressible by ^« fbrmula C"H"0«, oeeuf together with 
Ofleto Mid in fats ; bat those aeide of this series in which » is a 
Dumber not divisible by 4, are absent from the products of the 
saponification of fats. Thus the noB'Sxistenoe of margario acid 
^C* H "* O') as a chemically ptirc substance if; pfirtirul arly prov( d. 

In his niosi recent investigation, Hrititz .^lunvs tiint r\ i n liu- supuni- 
fication of spermaceti furnishes no oilu i fatty acids tliaii Lln>!»e wliich 
can be expressed by the general fonuula C^"ll "O^ (/i= a whole 
number). The cetic acid (C»oH»0*>and cocioacid (C««H««0«)t 
formerly sdppoeed by him to exist in that sub^tance^ are miatnrea 
of at least two of the fatty eci<ls of spermaceti. Besides stearie 
nri I (C^< H«« O*) and psimilie aiid (C^^ H>« 0<), the occurrence of 
wliich in spermaceti has already been proved by the author, two 
other acids have also been obtained in a rheniieally pure slate from 
tiuit substance. These are inyristic aciil (C'*li''^0*) and lauro* 
stearic acid (C'^H^'O^). Their i>e[)aration wa^ L-ffected by the 
method uf partial precipilaliun combined with that of recrystalliza- 
tlon* 

Myristic acid in the pure state has hitherto been nnknowDr for 
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Plajfair, who first mentioned it, give* its melting-poiut at 120 1*., 
whilst it reaH)' fuses at 129 F. When cold, it is exactly like palmitic 
icid, appearing in scaly cryHftb. It U how«Ter more readily soluble 
in alcoholt and efyetolliiea horn this solutbii in lanrin* of a pearly 
laitre. AmIjms of the Mid itself, as well as of its silver, lead, oop- 
per, bar)*ta and magnesia oults, furnish concoidant results leading to 
the foriiiiila C'» H-? 0« 4- R(). Its combination ^vit^ oxide of fi^thvlc 
(inyri>tic a:ther) melts at 8li°*3 F., crystallizes very btautit i:lly in 
the cold, and dissoWed readily in hot alcohol, iu oompobitiou is 
C«HnO' + C' H*0. 

Lauroateanc acid, which was prepared by Mari»son from the oil 
of laml berries, by Stbaner from the fat of pichuriae beans, aud 
by Gcirgey from eoeofr-But oil, melts with rather more difficulty than 
stated by these chemists. Its melting-point is \ \(f '5 F. It dissolves 
very readily in al«ofaol« and only crystallises partially from this solu- 
tion at a low temperature. It is traosparent, but still forms scaly 
crystals; it consists of ("^ M'^' O' + HO, as appears from analyses 
not ooly of the acid itself, but also of its silver, lead and baryta 
salts. 

Gottlieb ha:i already tjuticed, that stearic acid mixed witii mar- 
garic acid in certain proportions, may acquire a lower meltiog- 
potni than that of the last-mentioned acid« As this, according to 
the anthor's prettoas investigationsy is a mixture of stearic and 

palmitic acids, this peculiarity must be a property of this mixture, 
which in fact is the case, as niargaric acid itself is nothing but a 

mixture of palmitic acid with stearic acid, whicl^ melts more remlilv 
lhan the former acid. Ileiiitz lins found, however, that any two 
fatty acids may form a mixture possessing a lower meltinf^- point than 
even the most ^ il^ibl^ of thciu in a pure state. He has diavvn up 
the following tables, t«huwing the meitm^-puint and mode of solidi- 
fication of mixtures in simple proportions of every two of the four 
acids, — stearic acid, palmitic acid, myristic acid^ and lanroitearic 
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140-18 
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143*6 



Solidifies 

at Form of -olidification. 

. . °F. scaly crystaiiioe. 
H4'5 tlic ;same. 
140*54 finely acicnbr. 
106*68 the same.. 
133*70 uncrystalUnetut»ercular« 
131*00 laminar crystalline. 
1301 the same. 
129'71 uncry^^tnlline, shining. 
ltidli*'i the same. 
129*2 tlie same, lustreless. 
128*8t veryindistioctlyaciculur 
1 30* 1 beautifully acicolar. 
scaly crystalline* 
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A mixiurc of 



palmitic 


III J risuc 








ptrti* 




At 


ino 


n 








1 4 1 *08 


00 


10 


1 10*18 


Qjr\ 




1 '^G'i- 


70 


<{0 


1 4082 


w 


TV 


124*7 




•A* 




40 


60 


116-6 


35 


65 


115-7 




67-5 


115-16 


30 


70 


115-lG 


20 


SO 


121-1 


10 


90 


liS-Si 


0 


100 


128*84. 



Bdidiies 

at Form o£ solidificatiM* 

, , °F. scaly cry^^tallia^ 
ISG** the same. 
132*26 the same. 
128'3 fine scaly crystaU. 
124*34' extremely fine ncedleB. 
181*1 uncrystafiiDe tubercular. 
11S*54 large laminar crystala. 
110*66 indbtinctly laminar. 

uncrystalline opake. 
111-2 tho same. 
110*66 ihc ^lunQ. 
1 06*34- liiiciyaLallims 
113*54- in bug needle*. 

•caly crystals. 



A mixture of 

myristic laorotteaiie 

acid. add. 

parts. parts. 

100 0 

90 10 

80 80 



Melts 
at 

128*84.**F. 
121*28 



70 


30 


11G06 


60 


40 


109*4 


50 


50 


99-32 


40 


60 


98-06 


SO 


70 


95-18 


20 


80 


101*3 


10 


90 


lOG-34 


0 


100 


110-46 



SoMfles 

at Mode of solidificatioii. 

. . ^ I', scaly crystala, 
117*14- the same. 
112*1 line crystals, neither di- 
stinctly scaly nor aci- 
cular. 
102*2 the tame. 
108*2 uncrystalline, with a few 

shining spoU. 
96-26 laiige laminar crystals. 
92*3 tinoryjitalline, withafew 

shining spots. 
90* ll- uncrystalline. 
91-4- the same. 
96'8 acicular crystals. 
« . acaly crystaU. 



A mixture of 


stearic 


myristic 


add. 


add. 


putt. 


parti. 


0 


100 


10 


90 


80 


80 


30 


70 


40 


60 



Mdto 

at Fona of tolidificatioD. 

128-84*F. 

125*06 uncrystalline opake. 

119'0t indistinctly crj'stallinc, 

118*76 laminar crystals. 

122*72 beautiful large laminar crystals. 
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A nuxture of 


arid. 


arid. 


parts. 


parts. 
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100 


10 


90 


so 


80 


so 


70 


40 
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A mixture of 


itearic 


laurostearic 


add. 


idd. 


parU. 
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90 
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40 
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Kdit 

at Form of solidification. 

11 0*48'' r. 

106*7 uncrystalHne. 

98*78 iaduttincUy cryatalKiie. 

loo's!* small laminar crystab. 

104^18 beautiful lai^e laminar erytftaLi. 



Melli 

at Vona (k aoUdifteatioa. 

110-48'' F. 

106*7 uncrystallinc. 
101*3 uncrystallinc, warty. 
110*12 the shining faces of small cryslali 

appearing on the surface. 
123*44 uncrystallioe, warty. 

■ 

From these tables it appears tliat, — 

1. By the addiliuii of any fatty acid to from 4 to 10 times it) 
quautitv of another fatty acid, the melting-point of the latter is 
lo«rerea» even though the acid added be more difficult of fuaioii. 

2. The mixture of two acids differing by which poweeace 
the loweet meltiog-point, coosiats of about 3 parts of that which 
contains the most carbon nnd 7 parts of the other. 

5. The mixture of two acids differing by C" 11^, which possesses 
the lu\M t inc Uin^-pnirit, consisU of about 25 parts of the richest in 
carbon and 75 oi tiic other. 

4. The mixture of two acids differing by C** which possesses 
the lowest possible metting-point, ooasisls of about 20 parts of that 
which contains most carbon and 80 of the other* 

5* Thus the greater the difference in the amount of carbon in 
two aeids, the smaller is the quantity uf that which contains most 
carbon required to prdduee the lowest melting-point. 

6. The greater the amount of carbon in two acids difiering by 
C* IV, the less is the ditferencc between the melting-point of tlie 
pore acids and the lowest point of the mixed acids. 

7. If to 9 parts of an add C^" H^a 0«, we add 1 part of an acid 
C«(a^i) H^(n + 1) 0«, and to a similar quantity of the former also 1 part 
of an acid C^(b~i)H^^"-1' 0\ two mixtures are obtained possessing 
the same melting-point. The same applies, or nearly so, to mixtures 
of 8 and 7 parts C^*^ H*" 0% and 2 and 3 parts C*^°+» H*io+'J 0% or 

8. A luixluie ot a little more than b parts of the acid H^'*0^ 
with a little less than 7 parts of the acid C*^*^) H^C"-*-*) O^, possesses 
tfce same meltiog-point as the acid C^" H** O* in the pure state* 

The mixture of 9 parts C^" 11*^0* with 1 part C««»+«>H^«+i)0<, 
•olidifies in acieolar crjstals (like margaric add)* 
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10. The mixtare of equal portions of fiUty acltb dUMag by 
solidifies ia large laminar eiystals (like antliropie add). 

11. Mixtures of 20 to 30 parts C*°H<°0« with SO to 70 parts 

C4(n+U H^(n+>)()4j crystallize in extremely fine needles. 

12. Mixtures of 60 parts D"H^"0< witii40parts C*^«+a)H4(n+2;04^ 
solidify in large lamiuar f-rystals (like authropic acid). 

Heiotz has also found that when, to u mixture of two acids dif- 
fering by H"*, a small quantity of one codtaiiiiug a larger amount 
of oarbon, and consequently more diiBeuIt of fusion, is added, the 
melting-point becomes stilt lower by seversl degress. For instance, 
if about 3 to 4 parts of stearic acid, which melts at 124°'26 F., be 
added to the mixture, fusing at 115°'i6 F», of palmitic acid (which 
fuses at ! i3''-6 F.) and myristic acid (which melts at 12S^-8t F.), 
the mixture obtained fuses at 1 lO'^'S! V. Such mixtures of these 
fatty acids consequently bthave very like tlic n iuiily fusible metallic 
mixtures, which also consist uf three metab (lead, tin and bismuth}. 

^J3»ielU der JAad. div* Win, mt Berlm, 1854, p. 207. 



ON PBIIXTBINB. BY C. BEETAGNINI. 

In the Antifiln} der Chetnie for Octolu r, M. Bertagnini gives a 
prelimiuary account of some experiments witli Phiilyrinet by which 
he finds it to be a body analogous with salicine. 

The phillyrtne is obtained by treating a decoction of the bark of 
the PAiifyria with oxide of lead or lime. After filtration and appro- 
priate evaporation, the phillyrine separates out in crystalline form. 

It is almost tasteless, and little soluble in cold water, soluble iti 
hot water and alcoIioK insoluble in stber; not precipitated ft'om its 
solutions by salts of the metals. 

On boiling it with dilute hydrochloric acid, a resinous matter 
. separated. The liquid was then neutralized witii carbouate of lead, 
Altered and evaporated : the mass was treated with alcohol, and 
the alcoholic solution evaporated in the water-bath, when a sweet 
syrup was obtained, which after some weeks changed into a papillary 
crystalline mass, with all the properties of grape-sugar. 

Phillyrine was not acted upon hysynnptasc; biitwhrn submitted 
to the lactic fermentation, it gave, on tlie one haful thr n«na! pro- 
ducts of the lactic fermentation of sugar, and on th* oilier, the k sin- 
ous substance ublained by the action of hydrochloric acid, but in 
this ease pare. This is Phillyyenine. It crystsllises easily, and gives 
pure white pearly masses. It is not soluble in cold, and only slightly 
so in warm water, but easily soluble in alcohol and eether. By con- 
. centrated sulphuric acid it is coloured red. 

The analyses of phillyrine lead to the formula C" H" 0««+3HO. 
At 100° C. it loses all its water of crystallization. 

Phillygenine, un analy8i«, L^ive numbers corresponding with the 
formula C'-ir**0'*. Since phillyrine gives on decomposition only 
grapewiugar and phillygenine» its constitution must entirely corre- 
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wilb tibtt oi Mlieiiie, and it must be formed by the oaioD of 

two groups of atoms,' with the separation of 2 cquivs. of waters— 

H«* 0«« + C'« H'« 0'« = C** H" 0«« + 2HO, 

Phillygcnine. Crape-sugar. Anhydrous phillyrine. 
1 his equation is quite analogous to that which expresses the coo 
Hilutiou salicitie : — 

C»4 Hs O* -f ()^ = C^-J H'« O'* + 2H0. 

Saligeuiuc. Cr^i^e-bugar. Saliciuc. 
It is remarkable that pbillygenine is polymeric with saligenine, 
for the formula of saligenine tiipJed gives exaetly that of philly- 



SO* H» (y =2 0«». 
fisHgtninfe PhittygeQine. 

The action of chlorine and bromine OD phiUyrioe is entirely amilo* 
gous with their action on salicine. 

The author is cni;ai;cd in tlic study of tbcie hodi^-^ Aim. <Ur 
Ckem. UHii i^harm.^ vol. xcii. p. 109. 

METSOBOLOaiCAL OBSVRTATIONS VOE NOT. 1854. 

Chinpick. — NoTemborl. Dense fog: \cry fine. 2. Foggy s frntf: very Use. 
3. Fine: clear. 1. Overcast : fine. 5. Cloudy. 6. Cle.ir'and Tcry fine. 7. Foggy : 
clott^. 8. Overcftiii : fine. 9. Clear and cold : sharp frost : rain. }0. Fiuc, but 
oold ; rain. 11. Slight rain : eldttdy : liue. 12. Fine : frosty at night. 13. Foggy : 
fine. 14. Densely cbuded : heavy rain. 15. Heavy rain : fine: rain. IC. I^n: 
fogfT at night. 17. Foggy: rain: overcast. 18. Densely overcast and >vindy. 
19. ilvercast: clear and cold. 20. Cloudy: clear and cold: fine. 21. Overcast. 
22. Clear: densely clouded: clear. 23. Fine: cloudy: sharp frost. 24,25. 
Cloudy ami cold. 26. Clear : overcast. 27. Foggy. 28. Orercait ; lain* 29. 
Clottdy and fine. 30. Clear : rain at night. 

Mean temperature of the month 39^*35 

Mean temperature of Nov 1853 40 '14 

Mean temperature nf Nov. for the last twcaty-eig^t ycsTt ... 43 -07 

Averu^ amount ot ram in Nor. m........... 2*38 inches. 

JMms.— .KoT. 1. Fine. 2. Clondy. 3. Ffaie. 4. Fine: rain tm, 6. Caoody. 
6, 7. Fine. B. Cloudy. 9. Fine : snow and rain a.m. and p.m. 10. l^e : rain p.m. 
11. Fine. 12. Fine: rain p.m. 13. Cloudv. 11. Cloudv : rain a.m. 15, 16. 
KaiQ A.M. and p.m. 17. Rain a.m. IB. Cloudy : rain p.m. 19. Fine : rain a.m. 
and P.M. 20. Clondy. 21. Chmdy : rain am, and p.k. 22, 23. Clondy. 24, 
n. Cloudy : rain a,m. and pji. 2$, 27. Fine. 28. Cloiidy $ rain wm, 29. Fiaa 
rain a,m. 30. Cloudy.' 

Smtd»iei Manser Orkney. — Nov. 1. Showers a.m. : cloudy p.m. 2. Rain a.m : 
dear 3. Brlj^ht a.m. : showers p.MU 4. Cloudy a.ik.: nrin 9M* 5. doudy 
A.M. and P M. n. Cl.)ui]y AM. : showcTS p.M 7. Showers a.m. and p.m. 8. 
Sharers a.m. : snow-showei^ p.m. 9. Snow-showers sLeet^owen p.m. 

10, 11. Cloody A.1I. r dear rjt. 12, 13. Clondy A.11. and p.11. 14. Clondy A.11. : 
doudy, drops p.m. 15. Showers a.m. and p.m. 16. Showers a.m : rain p.m. 
17. Drizzle A.M. : damp r.M. 18. Fine, cloudy a.m. : showers p.m. 19. Fine, 
cloudy A.M. : clear p.m. 20. Damp a.m. : bhowcrs p.m. 21. Showers a.m. and 
rjf. 22. lain juic : tbosrin, anrsn p.m. 23. Clear, froat aoi. : snow.ahowers 
frost P.M. 21. Snow A.M. an ! !'..\f. 25. Snow, thaw a. ; thaw, rnin p.m. 26. 
Foe A.M. ] eloudy p.m. 27. Cloudy a.m.: showers, slcct p.m. 2b. Showers a.m. 
and p.m. 29. Showers a.ic : sleet-showers p.m. 30. Clear a.m. : aleet-showexa 
rji. 

Mean temperature of Nov. for twen(y*aeien pTBTions years . 42®'67 

Mean tcn)peratuiie of this month 42 '05 

Mean temperatnre of Kot. 1853 44 *87 

ATsngeqnaotUyofntininNov.fo tliliteeoprevioiisyMfa 4'26iiiehcs. 
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XIII. On some Points of Magnetic Philosophy, 
Bf Professor Fa&aday, F.KS. ^c* 

aaOO. "lllf rCHIN the last three yean I have heen bold 
TV enough, though only as an experimentalist, to 
pat ferth new views of magnetic action in papers having for 
titlea^ ''On Lines of Magnetic Foieef/' and ''On Physical 
Lines of Magn^c Force}.'' Tbe first paper was simply sm 
attempt to give^ for the use of experimentalists and others, a 
eorreec expression of the dual nature, amount, and direction of 
the magnetic power both within and outside of magnets, APivt 
from any assumption regarding the charaeter of the source of the 
power; that the mind, in rrn inning forward towards new develop- 
ments and discoveries, might be free from the bondage and de- 
leterious influence of assumptions of such a nature (3075. 3243.)« 
The second paper was a speculation respecting the possible phy- 
sical nature of the force, as existing outside of the magnet as well 
as within it, and within what are called magnetic bodies, and 
was expressly d^cribed as being entirely hypothetical in its 
character (3243.). 

3301. There are at present two, or rather three general hypo- 
theses of the physical nature of magnetic action. First, that of 
fiethers, carrying with it the idea of fluxes or currents, and this 
Euler has set forth in a simple manner to the unmathematical 
philosopher in his Letters §; — in that hypothesis the magnetic 

^ OimiiraiiiaitMl by the Avthflr. 

t Phil. Trans. 1862, p. 25. 

X Phil. Ma-. 1852, June, p. 401. 

§ Euler's Letters, translated, 1B02, yol i. p. 214 ; Tol. iL pp. 340, 242. 
344, 

Pm. Mag. S. 4. Vol. 9. No. 57. FA. 1855. O 
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fluid or sther is supposed to move in stmms tluro^^h magnetSy 
and also the space and substances aronnd them. Aen there is 
the hypothesis of two magnetic fluids, which bebg present in 
all magnetic bodies, and accnmnlated at the poles of a niaguet, 
exert attractions and repulsions upon portions of both fluids at 
a distance, and so cause the attractions and repulsions of the 
distant bodies containing them. Lastly, there is the hypothesia 
of Ampere, which assumes the existence of dectnoal currents 
round the particles of magnets, which currents, acting at a di- 
stance upon other particles having like currents, arranges them 
in the masse*? to which they belong, and so renders such masses 
subject to the magnetic action. Each of these ideas is varied 
more or less by difiercnt philosophers, but the three distinct 
expressions of tnem which I have just given will suffice for my 
present purpose. My pliysico-hypothetical notion docs not go 
so far in assumption as the second and thii d of these ideas, for 
it does not profes.s to say how the magnetic force is originated 
or sustained in a magnet ; it falls in rather with the first view, 
yet does not assume so much. Accepting the magnet as a 
centre of power surrounded by lines of force, which, as repre- 
sentanta of the power, are now justified by mathematical ana- 
lysis (3802.), it views these lines as phyneal lines of power, 
essential botii to the ezislence of the force within the magnet, 
and to its conveyance to, and esertion upon, magnetic bodies at 
a distance. Those who entertaiii in any d^ree the Kther notion 
might consider these lines as currents, or progressive vibrations, 
or as stationary undulations, or as a state of tension. For many 
reasons they should be contemplated round a wire carrying an 
electric current^ as well as when issuing from a magnetic pole. 

830S^. The attention of two very able men and eminent mathe- 
maticians has fallen upon my proposition to represent the mag- 
netic power by lines of magnetic force; and it is to me a source 
of great gratification and mnc h mrournpremrnt to tind that they 
affirm the truthfulness ami tinierality ol the method of repre- 
sentation. Professor W. Thomson, in referring to a like view 
of lines of force applied to static electricity (1:295. l.'iOk), and 
to Fourier's law of motion for lieat, says that the lines of force 
give the same mathcmatit al r( sultr> as CouloDib's theory, and by 
more simple processes ot analysis (if possible) than the latter* j 
and afterwards refers to the "strict luuiulaLiuii for an analogy on 
which the conducting power of a magnetic medium fur lines of force 
may be spoken off." Van Rees has published a mathematical 
paper on my lines of force in Dutch |, which has been transferred 

* Phil. Mag. 1854, vol. viii. p. 63. 
t Ibid. p. 66. 

X TVaiu. Royal Aead. Sdeaees of Asulerdsaii, 1864, p. 17. 
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into Poer^ndoiff's Annalpn^, and of which I have only a very 
inipprfcct kij()wi(^dge by translated ubstriiCts. He objects, as I 
uuiierstand, to what I may call the physical part of my viCfT aS 
assigning no origin for the lines, and as not presenting uie KighMT 
principle conveyed by the idea of magnetic fluids orof dftCtllc 
currents : he says it does not displace the old theories, or render 
them superfluous ; but I think I am right in believiDg, that* M 
at tke Bnea ai<e talcean to be representatioiia of the power, he 
Moepts thou as eorreet lepreaentatbns, even to the raU extent 
of the hypotheaea, either cl magnetic flnida or eketrie currenta. 
It waa fdwaya intention to atwAif subBtitnting anything in 
place of theee flnida or coiventa, that the mind mif^ be detivered 
from the bondage of preconoeiTed notions; but for tboie who 
desire an idea to rest npon, there is the old principle of the 
Kthers. 

3808. The encouragement I derive from this appreciation by 
matbematidanaof the mode of figuring to one's self the magnetic 
forces by lineii emboldens me to dwell a little more upon the 
farther point of the true but unknown natural magnetic action. 
Indeed, what we really want, is not a variety of diiFerent methods 
of representing the forces, but the one tnic physical signification 
of that which is rendered apparent to us by the phfcnomcna, and 
the laws crcivpniin^r them. Of the two assumptinns most n-iiially 
entertained at present, mairnrtic finids and rleclnc currents, one 
must be wrong, perbaps boi/( arr ; and 1 do not perceive that the 
inatiit'Uiatician, even though he may ihink that each rontains 
a higher prinnple than any 1 have advanced, can tell the true 
from the false, or say that either is true. Neither of these views 
could have led the mind to the phfenoinena of diamagnetism, 
and I tbirik not to the magnetic rotation of light ; and 1 sup- 
pose that ii the question of the possibility of dianiagnetic phae- 
nomena could have been asked beforehand, a mathematician, 
guided by either hypothesis, must have denied that possibility. 
The notion that I have intioduoed complicates the matter still 
tether, for it is ineonsiatent widi dther of the former views, so 
long aa they depend exclusively upon action at a distance without 
intermediation ; and yet in the form of lines of force it repreaenta 
magnetic actions truly in all that is not hypothetical. So that 
there are now three fundamental notions, and ttoo of them at 
least must be impossible, t. e. untme. 

3304. It is evidoit, therefore, that our phyaical views are very 
donbtfol; and I think good woold result from an endeavour to 
shake ourselvea loose from such preconceptions as are contained 
in them, that we may contemplate for a time the force as much as 
pooaiUe in its purity. At present we cannot think of polarity 

* BpggOi d oriPs Amalen, 1853, vol. ze. p. 416. 
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without feeling oomlyes dxftim into one or the other of the two 
hypothetes of the origin of pokr powers ; end as mathematical 

eontiderationa cannot give a decision, we feel as if the snbjeot 
were in that same doubtful condition which hung over the con- 
flicting theories of light prior to the researches of modem time ; 
hot as there the use of Wheatstone's reflector, combined with 
Arago's Bup;ge8tion of a decisive experiment, and its realiaatiMi 
by Leon Foucault, appear to have settled that question, so we 
may hope by a due exertion of judgement, united with experi- 
ment, to obtain a resolution of the magnetic difficulty nlso. 

3305. If we could tell the di.ywsitwn oi the force ol a magnet, 
first at the place of its oripn, and next in the space around, we 
should then have attained to a very important position in the 
pursuit of our subject ; rikI if we could do that, assuming little 
or iiuthing, then we should he in the very best condition for 
carrying the pursuit further. Supposing that we imagine the mag- 
net a sort of sun (as there is evcr\^ reason to believe that the sun 
is ii liia^aiet) polarized, witii aulitheticid powers, ever filling all 
space around it with its curved beams, as either the sun or a 
caudle iills space with luminous rays ; and supposing that such 
a view takea eqnal position with either of the two fimner views 
in representing truly the disposition of the forces^ and that 
mathematical considerations cannot at present decide which of 
the three views is either above or inferior to its oo-rivals ; it surely 
becomes neoessair that physical reasoning should be brought to 
bear upon the subjeet as largely as possible. For if there be such 
physical lines of magnetic force as correspond (in having a real 
existence) to the rays of light, it does not seem so very impos- 
sible for experiment to touch Mm; and it must be very im- 
portant to obtain an answer to the inquiry respecting their ex- 
utence, especially as the answer is likely enough to be in the 
affirmative. I therefore purpose, without asserting anything 
regardin^r the physical hypothesis of the magnet more strnnglv 
than before (3299.), to call the attention of experimenters, in 
a somewhat desultory manner, to the subjeet again, both as 
respects the deticiency of the present physical views and the pos- 
sible existence of lines of physical force, concentrating the obser- 
vations I may have to make about a few points — as polarity, 
duality^ &c., as occasion may best serve ; and 1 am encouraged to 
make this endeavour by the following considerations. 1. The 
couhruidtion by mathematicians of the truthfulness of the abs- 
tract lines of force in representing the direction and amount of 
the magnetic power ; — 2. Iliiy own personal advantageous nse 
of tlM Imea on numerous occasions (8174.) 8. The dose ana*- 
logy of the magnetic force and the other dual powers, either in 
the static or dynamic state, and espedally of uie magnet with 
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the vohaie battery or any other snataming eonrce of an electric 
eiimiit;'— 4. Enler's idea of magnetic aethers or circulating fluids; 
—6. The strong conviction expressed by Sir Isaac Newton, that 
even gravity cannot be carried on to produce a distant effect 

except by some interposed agent* fulfilling the eondttions of a 
physical line of force;— -6. The example of the conflict and final 
experimental settlement ot the two theories of light. 

3306. I believe that the use by me of the phrase "places of 
force'' has been considered by some as objectionabli', inasmuch 
as it would seem to anticipate the decision that there are physical 
lines of force. I will endeavour so to use it, if necessary, as not 
to imjtly the assertion. Nevertheless 1 may observe, that we 
use such a phrase in relation to a ray of light, even in those 
parts of the ray where it is not extinguished, and where there- 
fore we have no better knowle<l^e of it or its existence than in 
similar magnetic cases ; and we also use the phrase when speak- 
ing of gravity in respect of places where no second body to gra- 
Titate upon is present, and where, when existing, it cannot, 
acoor^ng to onr piesent ykm%f cause the gravitating force of the 
primary body, or eren the determination of it, upon that parti- 
eolar place. 

Magmtic polarUy. 

98X37, The meaning of this phrase is rapidly becoming more 
and more uncertain. In the ordinary view, polarity does not 
necessarily touch much upon the idea of lines of physical force ; 
^et in the one natural truth it must either be essential to, and 
identified with it, or else absolutely incompatible with, and 
opposed to it. Coulomb's view makes polarity to depend upon 
the resultant in direction of the action of two separated and dis- 
tant portions of two magnetic fluids upon other like separated 
portions, which are either originally separate, as in a magnet, or 
are indncrd to separate, as in soft iron, by the action of the 
dnininriTit inaL'nct ; — it is essential to thi^^ livpothesis that the 
polarity force of one name "^honld rcp( 1 polarity force of the same 
name and attract that of the other name. Ampere's view of 
polarity is, that there are no maguetic fluids, but that closed 
currents of electricity can exist round particles of matter (or 

• Xewton says, " That gravity should be innate, inherent, and essential 

to mutter, so that one hoAv may act upon another at a distance tTirongh a 
9octt«m, without the mediation of anything else, by and through which 
tbeir a^ion and force may be conveyed from one to another, is to me ao 
great m absurdity, that I believe no man who ha* in philosophical nutCwi 
a competent faculty of thinking can ever fall into it. Gravity nnist be 
caused by au a?ent nctinrr constMntly arrording to certain laws ; but whether 
this agent be material or immaterial 1 have left to the ocmsideration of my 
neden.** See liie tliifd letter to Bentley. 
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loond masaes), and that the Icnom encriiiie&tal difference on 
tlie opponte aidea of thew enm&tay aiioim by atttactioii and 
lepoliion of other cuiTcnts, constitutes pcJarity. Ampere'a 
view is modified (chiefly by addition) in various ways by Weber, 
De la BivOy Matteuodj and others. My view of polari^ ia 
founded upon the character in diiection of the force itself, what- 
ever the cause of that force msj ht, and asserts that when in 
electro-conducting body moving m a constant direction near or 
between bodies acting magnetically on themselves or eacli other, 
has a current in a constant direction produced in it, the mag- 
netic polarity is the same ; if the motion or the current he 
reveraed, the wntran,' polarity is indicated. The indication is 
true either for the exterior or the interior of magnetic Ixxliea 
whenever the electric current is produced, and dependb the 
uukiiow u but essential dual or antithetical nature of the force 
which w<; call aiaguetism (3154.). 

8308. The numerous meanings of the term pulanLy, and 
vai'ious interpretations of polarity indications at present current, 
show the increasing uncertainty of the idea and the word itself. 
Some eonaader that the mere let or attraction, or even repulnon, 
shown by a body when sobject to a dominant magnet ia eofficient 
to mark polarity, and I think it ia aa eood a test as any move 
refined arrangement (2698*) when the old notion of polarity only 
ia under conaideration* Othera require that two bodiev undiar 
the power of a dominant magnet should by their actions show a 
nmtual relation to each other before they can be considered as 
polar. TyndaU^ without meaning to include any idea of the 
nature of the magnetic forccj takea his type from soft iron, and 
considers that any body preaenting the like or the antithetical 
phsenomena which such iron would present under magnetic action, 
IS in a like or antithetical state of polarity*. Thomson does not 
view two bodies which present these antithetical positions or 
phaenomena as being necessarily tlie reverse of each other in 
what may be called their pohu* statest, but, I think, looks more 
to (iitlerential action, and in that approaches towards the views 
held generally by E. Becquerel and myself. Matteucei considers 
that the whole mass of the polar body otight to be in dependence 
by its particles as a mass of iron is, ami mat a solution of iron 
and certain salts of iron have not poles, properly speaking, but 
that at the nearest points to the dominant pole there is the con- 
trary magnetism to that of the pole, surrounded by the same 
magnetism aa of the pole in the farther part^ the two ends of a 
bar dT auch matter between two dominant pclea having no vela* 

* Athenseum, No. 1406, p. 1203. 
t lUd. oolumn 3 St botloiii. 
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tion to each other Becquerel considers that polarity may in 
certain casea occur transverse to the lengthy and so produce 
results which others explaio by reverse polarity. The views of 
very many parties always inclutlu tlie idea of the source of the 
polar action, w in tlier that be supposed to depend on the accu- 
mulation of magnetic tiuids at the chief poles of the dominaut 
masmet, or the action of electric currents in a determinate posi^ 
tioii around its molecules; and such views arc; adhered to even 
when the polarity induced is of the reverse kind, a^^ ni bismuth^ 
&c.; to thai oi the inducing magnet. Others^ like Weber^ add to 
Ampere's hypothesis an idea of deetrioitj, loose a» regards Uw 
rnxMeM, tliougli insepuaUy asaociBled with the man of the 
hc4j uiider inaiietion. Some, I tbiaky make the polarity not 
altogether dependent vpoa the dominant magnet^ vat upon tha 
nei^bonnng or snmnndinff aabatanccs ; and I propose, if the 
physioil lines of Ibree ahoold hereafter be justifieOy to make that 
wlucfa is eommonlY called polaiity^ in distmetkm from the tma 
polarity (8807*)> dependent upon the better or worse magneto^ 
oondiietion power of the sobstanoes presenting the naual polar 
phienomena (2818.). 

S&OQ* The views of polar actioa and of magnetism itself, as 
Ibrmerly entertained^ have been powerfully agitated by the dis« 
eaverj of diamagnetism. I was toon driven from my first sup 
position, that the N pole of a maspet induced like or N polarity 
in the near part of a piece of bismuth or phosphorus ; but as 
that view has been sustained by very eminent men, who tic up 
with it the existence of magnetic fluids or closed electric currents 
as the source of maarnetic power, it claims continued exami* 
nation, for it will most likely be a touchstone and developer of 
real scientific truth, whichever way the arguments may prevail. 
To me the idea appears to involve, if not magnetic impossibi- 
lities, at least great contradiction and much confusion, some of 
which I proceed to state^ but ouly with the desiie of elucidatmg 
the general subject. 

8310. If an ordinary magnet M, Fig. 1. 

acting upon a piece of iron or other para- x 
magnetic matter I, rendeia it polar by m n-Ja c? 
throwing its near end into the oontraiy or I* ^ 
8 state in the manner usnally nnderstood, 
and, acting upon a like piece of diamag* 
netic matter as bismuth n, renders it also polar, but with the near 
end in the same state; then B and I are for the time two mag«> 
nets, and must act back upon the magnet M ; or if they could 
be made able to retain their states aftor M is removed (and that 
is the case with l), would act as magnets upon a third piece of 
* (kmn §p4M mt Fmiiietkm, ^9., p* SOK 
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siagnetie matter aa C. When M acta upon I, it esertaila uAk' 
ence^ aoooiding to the received theories, upon all the particles of 
the latter, bringing them into like polar poaitioD with itself, and 
these, conaiateDtly with the aimple assumption, act also upon 
each other as particle magDets, and exah the polarity of the whole 
mass in ita two otieiiuties. In like manner M should act upon 
B, polarizing the mass and all its particles ; for the particles of 
the diamagnetic body B, even to the smallest, must be operated 
upon; and we knnw cxpiTimciitallv, that a ttibc filled with 
powdered bismuth acts as a bar at the metal dues. But ibcn 
what is the mutual action ( f tlicsebismuth particles on each other? 
for though all may be supposed to hnve a reverse polarity \jo that 
of M, they cannot in that case be n verse in rei^pect ct t ach other. 
All must have like polarity, and the N of one partic le must be 
opposed to the S ui' the next particle in the polarity direction. 
That these particles act on caeh other, must be true, and Tyn- 
dall's results on the effect of compression have proved that by 
the right means, namely, experiment. If they were supposed to 
have DO aueh actum on each other, it would he in eoatradielioii 
lo the eaaential nature of magnetic action, and there woald 
lemain no leMOii to think that the magnet itself oonld act on 
the partidea, or the pavtidea react on it If they acted on eadi 
other as the magnet is suppoied to act on them, t. e. to induce 
contrary poles, then the power of the magnet would be nullified, 
and the more effectually the nearer the partidea were together; 
whereas Tvndall has shown that the bismuth magnetic condition 
is exalted by such vicinity of the particles, and hence we have a 
further right to conclude that they do act on, or influence each 
other, to the exaltation of the state of the mass. But if the 
N-ness of one particle corresponds to, and aids in sustaining and 
exalt incT, the 8 ness of the next particle, the whole mass must 
have the same kind of Ibree ; so that, as a magnet, its polarity 
must have the same kind oi' polarity as that of the particles 
themselves. For whether a particle of bismuth be considert tl as 
acting upon a neigliboin intr particle or upon a distant particle 
of bismuth, or whethei a mass of particles be considered as act- 
ing on the distant particle, the action in both cases must be pre- 
cisely of the same kind. 

3311. But why should a polarized particle of bismuth acting 
upon another nartide of bismuth produce in it like polarity, and 
with a particle of iron produce a contrary polantj? or why 
should maaaea of hiamuth and iron, when xkcf act as magneta 
(3310.), produce audi different effects ? If auch were the case, 
then the N pole of a paramagnetic body would induce an S pole 
on the near end of an irop rod, whilst the N pole of a diamag- 
netic body would produce a pole contrary to the fonner, t* e. an 
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N pole at the same end of the iron rod in the same position and 
place. This would be to assume two lands of magnetism^ t. 
two north fluids (or dectrie eomnta) and two south ; and the 
norClinew of biamnth would difier froin the northneaa of iron aa 
much aa pole from pole. Still more, the northnesa of biamuth 
and the aouthneas of iron would be found to have exactly like 
ouaHtiei in all points^ and to differ in nothing but name ; and 
ue aouthness of bismuth and northneis of iron would alao 
prmre to be abadutely alike. What is this, in fact, but to say 
they are the same? and why should we not accept the confirms* 
taon and unfailing proof that it is so, which is given to us ei^e- 
rimentally by the moving wire? (B307. d<^6.) 

3312. If we employ a magnet as the originally inducing body 
f^.'^lO.), and entertain the idea of magnetic fluids accumulated 
at the polp«, which act by their power of attracting each other, 
but repellmg their like, then the inconsistenry of supposinc" that 
the north fluid of a given pole can attract flu north fiiiid oi one 
body and tl^e south fluid of another, or that the north and south 
fluids of the domiuaut magnet can attract one and the same fluid 
in bismuth and in iron, &c., is very manifest. Or if we act by a 
solenoid a heHx of copper wire carrying an electric current 
instead of a magnet, and hnd tliat analogous effects are produced, 
are we to admit at once that the elecLnc tmronts in it, actmg 
upon the assumed electric circuits round the particles of matter, 
sometimes attract them cm the one aide and aometimes on the 
other ? or if sneh bodies sa bismuth and platinum are put into 
such a helix, are we to allow that currents in opposite directions 
are induced in them by one and the same inducing condition f 
Slid thaty too, when all the other phsenomena, and there are 
many, point to a uniformity ol action aa to direction with a varia* 
tion amy in power. . 

Media, 

3313. Let us now consider for a time the action of different 
wiedia, and the evidence they give in respect of polarity. If a 

weak solution of protosulphateof iron*, iw, be put into a selected 
thin glass tube abont an inch long, and one-third or one-fourth 

of an inch in diameter, and sealed up hermeticallv (2279.), 
and be then suspciuh'd [lorizontally between the mairnetic poles 
in the air, it will point axial ly, and behave in other respects as 
iron ; if, instead of air between the poles, a s^dutmn of the same 
kind as m, but a little stronger, n, be siibstitutcd, the solution in 
the tube will point equatorially, or as bismuth. A like solution 
somewhat weaker than m, to be called /, enclosed in a similar 

• Let / contnin 4 <>rH]iis, rn S grains, n 16 grains, and o 32 gnim, of 
crystallized protosulphate of iron in each cubic inch of water. 
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tube, wiU behsve like bitnmth in air but like iron in mter. 
Nov these wet nreeiiel j the aetiona whidi have been attribated 
to polarity, ana by which the aiaumed reverse polarities <rf paia* 
nuttnetic and diamagnetic bodies have been oonaidered as esta- 
bliuied; bnt when examined, how mil ideas of polarity apply to 
theK casesy or they to it ? The solution / points and acts like 
bismuth in air and like iron in water; are we then to conclnde 
that it has reverse polarity in these eases ? and if so, what are 
the reasons and causes for such a singular contrast in that which 
must be considered aa dependent upon its internal or molecular 
state? 

3314. In the first place, no want of magnetic continuity of 
parts can have anything to do with the inversion of the phseno- 
niena ; for it has been shown sufficiently by former experiments*, 
that such solutions are as magnelicaiiy continuous in character 
as iron itself. 

3315. In the next place, I think it is impossible to say that 
the mediuni inter|>osed between the magnet and the suspended 
cylinder of Huid can cut off, or in any way atieet the direct force 
of the former on the latter, so as to change the direction of its 
internal polarity. Let the tube be tilled with the solution m, 
then if it be surrounded by the solution I, it will point as iron ; 
if the stronger solution n surround it, it will point as bismuth 
and with sufficient care a succession of these fluids may be ai^ 
ranged as indicated in figs. 8, where the outlines between 
the poles represent the forms of thin glaas troughs, and the let- 
ters the solutions in them. In fig. 2 we see 
that the action on m is the same as that on 
wf, and the pointing of the two portions is the 
nme, t. e, equatorial; neither has the action 
on m been altered by the power of the poles 
having to traverse n, m' and n' ; and in fig. 3 
we see, that, under like circumstances of the 
power, m' points as bismuth and m as iron, 
though they are the same solution with each 
other and with the lornier ?/< ///' soiutmns. No 
cutting off of power l)y the media could cause 
these chauges; — repcliiions of position in the 
first case, and inversions in the secoiul. All 
that could l)e expected from any such intercep- 
tions would be perhaps diminutions of action, 
but not inversions of polarity ; and every con- 
sideration indicates that all the portions of these 
solutions in the field at once have like polarUy, 
l.e.likedizection of forcethrough them^and likeintemal eonditiiMi; 

• Phil. Ifi^. 1846, vol. am. p. 364. 
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cacii solution in its complex an-augemcut being affected exactly 
in the same way and degree as if it filled the whole oi the mag- 
netic fieldj although in these particular arrangements it sometimes 
pointe like iron, and at other timea like biamuUi (2362. 2414.)« 

8816. These motions and pointings of the same or of different 
aolntiona, contain every action and indication which is supposed 
to distinguish the contrail polarities of paramafpetic and dia- 
ougnetic bodies from each other, and the solunons / and m in 
air repeat eiactly the phsenomena presented in air by phosphoros 
and platinum, which are respectively diamagnetic and paramag- 
netic substances. But w e know that these actions are due to 
the differential result of the masses of the moving or setting 
solution and of that (or the air) surrounding it. No structural 
or internal polarity^ having opposite directions, is necessary to 
account for them (2361. 2757.). Ifj therefore, it is still said 
that the solution m has one polarity in / and the reverse polarity 
in //, that would be to make the polarity depend upon the mas9 
of in independently of it>^ particles ; for it can hardly be supposed 
[h it the particles ol are more affected by the influence upon 
them ol the surrouudnig medium (itself under like inductive 
action <ui!y, and almost insensible as a magnet), than they are 
by the dijiuniiiut magnet*. It would be also to make the polarity 
of m as much, or more, dependent upon the surrounding medium 
than upon the magnet itself; — and it would be, to make the masses 
oi i/i and / and even their form the deternmnng cause of the 
pulanty; which would remove polarity altogether from depend- 
ence upon internal molecular condition, and, I think, destroy 
the last remains of the usual idea. For my own part, I cannot 
oonoeive that when a little sphere of nt in the solution / is 
attracted upon the approach of a given magnetic pole, and re* 
pelled under the action of the same pole when it is in the solu- 
tion n, its particles are in the two cases polar in two opposite 
directions; or that if for a north magnetic pole it is the near 
aide of the particles of m when in / that assume the south state^ 
it is the furiher side which acquires the same state when the 
solution / is changed for ». Nor can I think that when the 
particles of m have the same polar state in both solutions^ the 
whole, as a mass, can have the opposite states. 

3317, Theae differential results run on in one uninterrupted 

* If the polaritv of the inner ninss of solution is dependent upon that of 
the outer, and cannot be attetted but through it, t!icn whv is not air and 
space admitted as bein^ in effective uia^uetie relation to the bodies suT' 
roaiided hv them? How else could a distant body be acted upon by a 
magnet, if the inner solution of sulphate of iron is so acted on ? Are we 
to ft<isnme one mode nf action hv conti'Minn^t Tnanesorpsiticleiinoniecase* 
aod another through dutaace m another case ? 
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ooune from the extreme of parama^etic bodies to the extreme 
of diamagnetie bodies; and there la no tnbatanee within the 
aeriea which, in association with those on each side of it^ maT 
not be made to present in itself the appearances and action which 
are considered as indicating the opposite polarities of iron and 
bismuth. How then is (heir case, in the one or the other con- 
dition, to be distinguished from the assumed polarity conditions 
of bismuth or of ironf^only^ 1 think, by assuming other points 
which b^ the whole qaestion. In the first place, it most be, or 
is assumed, that no msgnetie force exists in the space around ft 
magnet when it is in a vacuum, it being denied that the power 
either crosses or reaches a locality in that space until some ma- 
terial substance, as the bismuth or iron, is there. It Is assumed 
that the space is in a state of map'Tietic darkness (3305.), an 
assumption so large, considerini: the knowledcr wc have of natural 
powers, and especially of dual tbrccs, that there is none larger in 
any part of magnetic or electric science, and is the very point 
which of all others should be held in doubt and pursued by ex- 
perimental investigation. It is as if one should say, there is no 
fight or form of light in the space between the sun and the earth 
because that space is invisible to the eye. Newton himself dm st 
not make a like assumption even iu the case of graviiation (3305.), 
but most carefully guards himself and warns others against it^ 
and Eulcr * seems to follow him in this matter. Such an assump- 
tion, however, enables the parties who make it to dismiss tne 
consideration of difierential efiecta when bodies are placed in a 
Tacuum, and to divide the bodies into the well known double 
series of paramagnetic and diamagnetic substances. But in the 
second place, even then, those who assume the reverse polarity of 
diamagnetic bodies, must assume also that the state set up in 
them by conduction is less fevourable to either the exercise or 
the transmission of the magnetic force than the original unpo* 
lariced state of the bismuth ; an assumption which is, I think^ 
contrary to the natural action and finai stable condition into 
which the physical forces tend to bring all bodies subject to 
them. That a magnet actinir on a piece of iron should so deter- 
mine and dispose of the forces as to make the magnet mid iron 
miitnally accordant in their action^ I can conceive; but that it 
should throw the bisiinith into a state which would make it repel 
the magnet, whereas if unaffected it should be so iar lavourable 
as to be at least indifferent, is what I cannot imagine to myself. 
In the third place, those who rest their ideas on ma^etic fluids, 
must ajisumc that iu all diamagnetic cases, and in them only, the 
fundamental idea of their mutual action must not only be set 
aside but inverted, so that the hypothesis would be at war with 
* Letters, &c. transUted. Letter LXVIII., or pp. 260-262. 
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itself ; and those who ■Mnmc that eledrie ewrents are the canae 
of magnetic effects, would hftYC to give up the law of thdr m- 
ducing action (as far as we know it) in all cases of diamagnctism^ 
at the very same moment when, if they approached the diamag- 
netic bismuth in thr form of a spiral to the pole, thej would 
have a current produced in it according to that law. 

Time, 

3318. I will venture another thought or two regarding the 
condition into which diamagnetic bodies are brought by tbf act 
of magnetic induction, in connexion with the point of time. It 
appears, as far as I remt inher, that all natural forces tend to 
produce a state of rest, except lu cases where vital or organic 
powers are concerned ; and that as in life the actions are for ever 
progressive, and have respect to a future rather than a present 
atate (Paget)^ so all morgame eiertkma of force tend to bring 
about a rtsble and permanent oonditioni baying as the reault a 
itate of rest, t. e. a statie condition of the powera. 

8319. Applying thia oonaidention to the ease of biamntb in 
the magnetie fields it aeema to me more like the truth of nature 
that tbe atate aaaumed by the biamntb should be one more 
frfonrable to the final and static exercise of the power of the 
dominant magnet upon it, than that atate belonging to the bia- 
mntb before it had anffered or undergone the induction ; exactly 
as in soft iron we know that before it has acq^uired the state 
which a dominant magnet can induce upon it, it is not so favour- , 
able to the final static condition of the powers ns it is afterwards. 
Now it is very manifest, by Tnntiprons ff^rma of experiment, that- 
timp rntiTS as an eleuient into ordinary magnetic and mairncto- 
electnc actions, and there is every rt :lhoii to expect into diamag- 
netic actions also ; and it is also well knowm that we can take 
advantage of thia time, and test the state of a piece of iron in 
the magnetic field before it has attained its finally induced state, 
and afterwards; — as, for instance, by j^lacing it with a helix round 
it in the niairnetic Beldand quukly cuunectia^ tlic helix afterwards 
with a galvanometer, when a current of elcctncity in such direc- 
tion as to prove the truth of the statement will be obtained. In 
oth^ forms of experiment, and with large pieces of iron, the 
time which can be ao separated or enatcbed np during the act of 
progressive indnction will amount to a minute or more. Sup- 
posing this eoold be done in any sensible degree with diamag- 
netic bodiea, then the following oonaiderationa present them- 
sdfcs. A globe or bar of bismuth in the magnetic field may 
have ita statea, before and after induction, considered aa sepa- 
rated by a moment of time ; if the indnction raises up a state of 
polarity the revevM of that of the magnet, then the bismuth 
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oqgbt to be move finronrable to tbe determinatkm of magnetie 
force upon it before the induction than after; whereas if, accord- 
ing to my view, the polarity is not reversed, bnt is the same aa 
that of the magnet^ ^e metal ought to be more favourable to 

the determination of magnetic force upon or through it after 
induction than before. Believing this to be an experiment which 
would settle the question of reverse polarity^ and perhaps the 
existence or non-existence of physical lines of magnetic force, I 
have made many attempts in various ways, and especially by 
alternating motions of cylinders and balls of bismuth between 
soft iron magnetic poles furnished with helices, to obtain some 
results due to the fivtp of induct in u, but have been as yet unable 
to succeed. I cannot doubt that time is concerned ; but it 
seems to be so brief in period as to be inappreciable by tiie means 
I have etjiploycfl. 

3320. Troiessor Thomson has put this matter of time and 
polarity in another form. If a globe of bismuth be placed w ith- 
out friction in the middle of the iiiai;iiciic field, it wdl not point 
or move because of its shape ; but if it have reverse polarity, it 
will be in a state of unstable equilibrium ; and if ime be an de- 
ment, then the ball, bein^ once moved on its axis ever so little, 
would then have its pdanty inchned to the magnetic axis, and 
would go on revolving for ever, prodncing a perpetual motion, 
I do not see how this consequence can be avoided, and therefore 
cannot admit the principles on whidb it rests. The idea of a 
perpetual motion produced by static forces is philosophically illo- 
gical and impossible, and so I think is the polarly oppoaed or 
adverse static condition to which I have already referred. 

8821. It is not necessary here that I should refer to the 
manner in which my view of the lines of magnetic force meet 
these cases, for it luis been done in former papers (2797, &c.) ; 
but I vi ill call the attention of those v^'ho like to pursue the sub- 
jert, to a true case nf reverse polarity in the niacrnetic Held (Ex- 
perimental Researches, fiG-. 15), and there they will easily 
see and comprehend the bcgmiinig of the rotation of Professor 
Thomson's bismuth globe, and its continuanee. if, ;is sn imposed, 
the polar state represented in the figure could be coutmuaiiy 
renewed. 

3322. When the north pole of a magnet repels a piece of 
bismuth in a vacuum, or makes a bar of it set cquatorialiy, and 
is found to produce like actions with many paramagnetic bodies 
when surrounded by media a' little more paramagnetic than 
themselves, and wiUi as many diamagnetie bodies when sur- 
rounded by media a little less diamagnetie, it would seem more 
cautious in the first instance to inquire how these latter motions 
take place, and how it is that parts, which with the paramag- 
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netic^ have certainly been brought into a south condition by the 
north end of the pole, recede from it ; and to apply these results 
in the first instance to those obtained with bismuth in a vacuum, 
before we aissnme a totnl rhange in principle, and yet an excep- 
tional chang:e as lo -uiisiajices, in the general law of magnetic 
polarity, without any tau^e assigned than, or any supporting 
beyond, the effect in qnestion. 

Cwrved Imet nfmagnetie foret — dependence ef the duaUHei, 

3323. The representative idea of lines of magnetic force which 
I entertain, includes in it the thought of the cur\'ature of these 
lines, not m m waet^y convement notkm maldiig the idn of the 
liaea Mora aunageable, bat u one flowing firam and suggested, 
a not pravcd, by the phswomenA themedves. Ititin this pomt ' 
9i wm thst I proceed to eonsider it ; end ss the wtooi of the 
corataie 1% in respect of principle, in the essentiu snd neceft- 
Miy dependence of the two qoalities or psfts of a doal foroe 
wpon eadi other (3324^ fte.) ; and in leapect of tnenmentf by 
Ibe namenms lesnlts supplied during the mntnu actions of 
■Mgneto and magnetie bodies and the phaenomeaa of moling 
conductors (3337, &c.), I wiU consider esuch in tom. 

niere is no known case of one fonn or part of a dnal 
power existing otherwise than with, and in dependence on, the 
other, which then eiists simultaneously to an eqaivalent, t. e. an 
equal, degree. In static electricity, where supposed electric fluids 
are considered as being separated from each other, they are in 
equal amount (1177.V, are ever related to each other (1681.), 
often by cuned liiie> of force (121.").), and the existence 
of the one elcctneity without the other, or in the smallest 
decree of excess or deHcieucy, is absolutely iiiijuissible fl]74.). 
In the voltaic battery, or in the elecUic current pruuueed 
in any other way, as by thenno arrani^euieuts or inductions, 
the current in one part of the circuit is absolutely the same 
in amount and \u dual character as m auother; and in the insu- 
lated, unconnected voltaic battery, where the susiaijiinsT power 
is internal, not the slightest development of the forces, or of 
either of them, can occur until circuit is completed, or induction 
allowed at the extremities ; i(x if, whm there is no circuit, the 
indnction be prevented, not merely no conenty but no stock of 
cleetiicily at the battery pdes ready to prodooe acniient can be 
SMilrad la the shghmat degrse* In like manner I am fiilly per* 
snaded that the northncas and soothnesa of «"g"*«*^"" (in what- 
Mr they may be supposed to consist) cannot exist slone; — ^nor 
vitlMttt exact proportion to eaeh other ;-»nor without mutnal de- 
pendence iqxm each other ; — bat that they are subject to the 
■Hiftaal idaftion and dspendenoe of all dual fixee. 
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8325. Let as consider a hard invariable magnet in spacej 
fig. 4. If a piece of soft iron, be 
brought towards it, the N end of the ^ 
magnet will cause southness in the 

near end oi" the iron and northness in ^^^y^^^^^^^jk ry7z\ 
the further end, and this will rontinue a i» 

until tlie iron is removed, the south- 

ness and northness at the two ends or halves of the magnet 
having remained all the time unchanged in their equality and 
amount (3223. 3221.). Now to say that the force enmnating 
from N could act on the iron, producing like and the contrary 
force, and then, by renio\aI of tlic iron, cease to act there or 
elsewhere f and then again act on the iron if approached, or any- 
thing else^ and then cease to act, and so on ; would in my mind 
be to deny the cowmw^fm of force i — and we know that there is 
no eqaiment action within me magnet, to explain by any alter- 
nate excitement and Buppreaaion of the dual parta, any sup- 
posed appearanee and disappearance of the powers at the difer- 
ent times ; for a helix closely applied round the middle part of 
the magnet during the experiment gives no carrent^ and by that 
shows tnat there is no equivalent intemal derangement of Uie 

Eower^ when the outer exercise of it may be supposed to change 
etween active and inert. 

8826. Suppoae the power of such a magnet to be due to 
magnetic N andS fluids; can it be thought that the N parti* 
dea can be sometimes exerting their attraction for S particles, 
and sometimea not? Would not that be equivalent to the 
assumption of a suppression, tV e. a destruction of force f — which 
surely cannot be. Such an assumption could be surpassed only 
by that which supposes that the N fluid might sometimes at- 
tract S and repel N, and at other times repel S and attract N 
fluids (3311. 3312. 3317.). 

3327. As to the soft iron nnder induction (3325.)^ its dual 
magnetic iorces do re-enter nito their former mutually depend- 
ent and mutually satisfyinir ^«tate : but suppose it to be replaced 
by steel, and that the magiiitis^ms produced in it do not recom- 
bine or disappear on thr removal of the dominant niacrnet, then 
on what is their power ultmiately turned, if mi on each other f 
(3257. 3324.) Where is the S power of the steel disposed of 
when it is separated from its relation with the N power of the 
magnet that evolved it? The cui^t' ciinnot be met except by 
affirming the independent existence of the two powers (3329.) ; 
or, admitting the suppression of force, and of either of these forces 
the one without the other (3330.) ; or allowing the mutual de- 
' pendenoe of the two nolaritiea of the magnet (8331.). 

8828, When the N pole of « magnet (fig. 5) is aetbg in 
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free spac^ its fovee is sensible 5^ 
around to a certain amount (114,) ; ^' 

whrn a piece of soft iron, I, is '/^^ 
brought near it, much of its force 2^ 
gathers np upon (iiat iron, but the 
wbolo amount of force from and 
about the N pole i«: the same ; when 



an S pole is brought up, either of another magnet or of itself (for 
the effect is precisely the same), much of the force exerted upon 
the iron is removed from it, anci lalis upon the S pole, but the 
amount oHorec about the pole N remains the same ; all of which 
cun be proved experimentally by a helix on the suft iron and Idops 
carried over the N pole (3218.3223.). Indeed the wav in which 
the power of one pole over either iron or bismuth is atiected 
«ild dimiiiished tlie approximation on the same side of a 
contrary pole, is perfectly well known, and there ate hundreds 
of eases in which the disposition in direction of the nagnetie 
power can be ▼aried in a great variety of ways, without the 
slightest change in the mm of its amount at the source, each of 
wluch gives evidence of the antithetieal and inieparable con* 
ditiim of the two forms of foree.- 

3329. As to independent existence of the two powers 
(3827.), how is it then that they cannot be shown separatdv? 
— not even up to the degree which is exhibited, so to say, by 
static electricity. There is nothing like a charge of northness 
or a charge of southneas in any one of the innumerable phseno- 
mena presented by magnetisn! (3341.). The two are just as 
closely connected as the two electricities of a voltaic battery; 
whether we consider it as giving the cuiTent when properly con- 
nected, or exhibiting indnction at its rxtremities when uncon- 
nected. The difficulty, iiule* d, is to hnd a firt which «?ivf'3 one 
the least hold for consideration of the tiiought that tlie two 
mas:netic forces can be separated, or considered apart from each 
other. 

3330. As to the suppression of force (3327.), I conceive that 
the creation, annihilation, or suppression of force, and still more 
emphatically of one form only of a dual force, is as luijwssible 
as the like of matter. All that is permitted under the general 
laws of nature is to displace, remove, und oilierwise employ it; 
and these conditions are as true of the smallest suppression of a 
fitfoe, or part of a force, as of the suppression of the whole. I 
may farther ask, whether, as it is physically impossible to anni- 
liilate or suppress force, it is not also matkematicaBy impossible 
to do so, consisteutly with the law of the ctmservation of force f 

8831. If we say that the farces in the cases of removal 
(8827.) are diraoaed of, sometimes in one diredaon and aome- 

Pka. Mag. 8. 4. Vol. 9. No. 57. Feb. 1855. H 
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times in another, but with the pmemtioii of their full and 
equivalent amoiut^ then how are we to omaider them dimwued 
of in the case of a cylinder or globular magnet, placed in air or 
vacuOy 80 as to be entirely sclf-depcDdent ? — or in the case of a 
magnetic sphere placed in an inverted position in the magnetic 
field, so as to be entirely sun oiiiided and enclosed by magnetic 
forces bavins' a contrary direction to its own (3321. o238.) ? 

3332. If we say that the dualities of jiuch a magnet are de- 
pen tlrtit on each other (which is the third ease (3327.), then 
we li;i\e to consider how this can be, consisteiuly with the 
distant mutual action, either of magnetic fluids or electric 
currents, acting in right lines only. Such action must then * 
be through the body of the magnet (3260.). If we confine our 
attention to magnetic fluids^ then the direction of their ftu-ces 
towards each other through the magnet when it ia alone, must be 
of the like nature im their direction to approadiediroDf in whieh 
thej are luppoaed to induce eollectiona or the contrary fluida, or 
towards the fluids at the contrary poles of approached equal or 
superior magnets; t. e» the two poles of the magnet must be 
conceived of as centres of force, sometimes exerting their power 
towards each other in a given direction through the body of the 
magnet, and at other times eierting them outwardly to external 
poles in a direction exactly the contnuy. But the currents 
which are evolved by the rotation of the magnet, or of discs of 
metal combined with it (3119. 3163.), show that the direction 
of the force (which is its polarity) is not thus reverse in the 
two halves of the case, but is the same within the magnet as in 
the prolongation of iliicction through and bryond the pole ; 
and also, that wht tin i the magnet be alone, and therefore sup- 
posed to have tlie polar forces exerted on each other through it, 
or be in relation to outer magnets, so as to have this exertion 
of force entu'cly remov ed from its interior, still it is always the 
same; having in both cases the same condition, direction, and 
amount of power within it (3110.). 

3333. If the charged and polar btatc of the magnet be sup- 
posed to depend upon molecular electric currents, held by some 
mternal condition in a position of parallelism, it is impossible 
that these csn act backwards upon eadi other through the mag- 
net in straight lines, so as to put the northness and southnesa 
of the pole in mutual dependence, as they are supposed to be in 
relation to external poles, without the currents themselves bemg 
diij^aeed and imwd, until the whole magnet is neutralised ; 
falling back into the undeveloped state, just as a piece of soft 
iron falls back. When this return of state happens in soft iron 
<Mr steel in any degree, a helix round these show the induced 
eoxrents eonaequent on such a change ; and a loop (8188. 831 7.) 
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•hows the diffeKenoe when the iron or magnet is polar ontwi 
and when its state has fallen. No such effects happen with a 
hard magnet, when it is altcomately left to itself or put in xda* 
tion to external poks of other ma^Mta. The body of the mag- 
net, and the forces passing through it, remain unchanged^ 
whether examined by the loop (3223.) or by its own motion, 
and that of discs or wires associated with it (311G. &c.). Ita 
force ever remains the same in quantity and general direction. 

3331. The case of the steel ring magnet (3283.) is well 
known, and the manner in which such a magnet, showing no 
external relation, developcs strong poles when it is broken. The 
phsenomena assure us, I think, that when broken the northnesa 
and southness then appearing, cannot, when the pieces are by 
themselves, be determined upon each other backward through 
the magnet ; there is no sufficient reason to suppose such a 
thing. And, again, the matual deatniction of highly-charged 
linear magnets, acu^ aa ateel needlea, when many <tf them an 
made into a thiek, short bondle^ shows the same thing ; for if 
when alone the pohur powera are not external, but are deter- 
mined upon each other through each individual magnet, they 
are aa free for a like disposal when the elementary magnets are 
associated aa when diey are separated : — and then there remains 
no sufficient reason to expect a dominant action oyer each other 
superior to that which each has over itself. 

8835. It is not to be supposed that the change of force which 
occurs when the magnet first acting externally is then made to 
act internally or through itself, would be small and unnoticeable. 
It should be as great as the whole amount of power which the 
magnet can show under the most favourable circumstance ; and 
the means are abundantly sufficient, by moving wires and discs, 
to make that evident in any case which might imply its passing 
through, or being removed out of, the magnet : — so that no 
difficulty can occur in that respect, and there remains, therefore, 
in my mind, but two suppositions ; either the N polar force of 
a magnet when taken off from external compensating S polar 
force, is not exerted elsewhere as magnetic force at all ; or else 
it is externally thrown upon and associated with the S polar 
force of the same magnet, and so sustained and disposed of, for 
the time, in its natural equivalent and essential state. If con- 
verted into any new fonn of power^ what ia that form f where 
ia it disposed of? by what dfecta ia it recognised f what aie 
the proofs of its existence ? To these inquiries there are no 
answers. But if it be directed externally upon the opposite S 
pole of the magnet, then all the consequences and foundationa 
of my hy|>othe8es of magnetic force and its polarity come forth ; 
and, aa I incline to believe, a consistent and satisfactory acoount 
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of all tnagnetie phmonieiia» abort of the idea of the nature of 
the magnetic force itadf, ia anpplied* 

8836. For if the dual forces of the poles of a magnet in ftee 
apace are related to^ and dependent upon, each other, and yet 
not throngh the magnet (d881.)| then it must be through 
the space around. Then space must have a real magnetic re- 
lation to the force passing across it^ just as it has to the ray of 
light passing from an illuminating to an illuminated body. 
Then the diiections in which the two forces are exerted upon 
each other cannot be in right lines, which must, if they existed, 
pass of necessity through the magnet; but in curved lines, 
secinp: that it is impossible that any but cnrved lines can hold 
the poles in relation to each other througli the surroiui ding space 
(3297.) : — and if they be curved lines, then 1 cannot imagine 
them to be anything else than physical lines of force ; Inu « fitted 
to transfer the power onwards in consistency with its ine\ italjle 
dual relation, and in conformity with that direction which ouprht, 
as 1 tliiuk, to be properly called polarity. And it further ap- 
pears to me, that if we once fiduiit the magnetic relation of a 
vacuum, then all the phienumcna of paramasnietic and diamag- 
netic bodies; of differential polarity and nidividual polarity; of 
solutions, needles, crystals and moving conductors, are presented 
in a binijjlc mutual relation, without any contradiction of fact or 
hypothesis, and in perfect harmony with each other. 

3337. I wish to avoid prolonging this paper by a repetttion 
of the considerations ana reasons already advanced on former 
occasions, and therefore wiU very briery call to mmd the idea 
I have put forth, that there are such lines of force in the space 
around a magnet ; that the mutual dependence of the dualities^ 
which is essential in the isolated mag;net, is thus sustained ; and 
that bodies in this space produce paramagnetic or diamagnetie 
phttnomena, according as they favour or oppose the degree oi 
sustaining power whiim mere space possesses. That these bodies, 
or media as they may be called, have a magnetic relation hke 
that of space, is easily shown by numerous experimental results ; 
but as they have a further relation amongst uiemaelveSi depend- 
ent upon their relative electro-conducting power, p: 
I think a little time may be usefully employed ^* 
in considering how far the consequent results 
illustrate the probable condition of space where 
they are not present. Consider a magnet pole ^ 
N, tig. 6, placed in relation to an equal mag- 
netic pole S, so that ihrir powers are mutually 
related and sustaincfi, and the f^pace between 
them, n, a, a, occupied by a vacuum, nitrogen, or some other gas 
at magnetic sero (^770. &c.) : — the force exerted by N on or 
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lecipfDcelly, ia easily taken eogniianoe of Bpirals, fte* aa 
regarda any change in direction or degree. Then eonaider the 
mediom a, a to be all copper or all mercury, atill the foreea 
aie nndiatnrbed : or ecmnder it part mercory or copper^ and 
part vacnnm or glasa^ divided either by a line numing from S 
to N, or along a a a, or any other way, still the foreea are on- 
diatoorbed ; any of theae media act exactly like apace, or ao Uke 
it, we can acamly trace a difference. Then eonaider the metal 
moving, either aa a finely divided stream 9ta,a,a, or as a 
aolid globe (of copper) iig. 7, revolving rapidly ronnd the line 
from N to S ; still it is exactly like the vacuum or -n:^ « 



pendicular to the line S N, so strong and influential a me- 
dinm ia it, magnetically conaidered, that the two poles, N and 8, 
if free to move, do move in the aame direction aa the near parte 
of the globe ; and are absolately carried away firom each other, 
in oppoaition to their mntoaily attractive force, which tenda 
atiODgly aU the while to draw them together. Now, how ia it 
poaaible to ooneeiTe that the copper or mercury conld have thia 
power in the moving state, if it had no relation at all to the 
magnetic force in the fixed atate ? or, that it ahould have like 
power in the compact state, and yet have no relation to the . 
magnetic force in the divided and moving state.? Tlie mere 
addition of motion could do noUiing, unless there were a prior 
itatic dependence of the magnet and the metal upon each other. 
We know very well that the actions in the moving cases involve 
thr evolution, or a tendency to the rvolntion, of ricctric cur- 
rent.- ; but that knowledge is turtlu r proof tluit thv mt tais are 
in prior relation to the magnetic t( trees ; and as bodies, even 
down to aqiu (tus solution, have these electric curiciits set up in 
tlirm under like circumstances, we have full reason to believe 
that all bodies when in the map^ietic field are in like static re- 
lation as the copper when not moving: — and that when motion 
is superadded, they would all evolve electric cuireiits, were it 
not ior their bad electro-conducting powers. 
3338. These effects of motion are known to be identical with 
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those of the moving wire (36. 55.), or those of ▼oltaic in- 
dnctioD (6. &c.) ; and their intensity and power is very well 
shown in the force of filkington's magneto-electric apparatus 
and Ruhmkorff's induction coil. THme is ooncemed in their 
production, and Professor Henry has shown us, in some degree, 
that when the currents are moiini^ in helices, the magnetic action 
across them is for a time cut off or deflected (1730.). These 
actions arc, in every rase, simple; i.e. a line of force in a p:iven 
polar direction produces, or teud^ to produee, in a body moving 
across it, whether paramagnetic, neutral, or diamaprnetic (31 4n. 
3162.), a current in the liki- direction ; wliieh eurrent must, a.s 
I conceive, be dependent upon a previous like static state. No- 
thing in the sUghtest detrree analogous to the supposed ojipo- 
sitely polar states of pnnunagnetic and diaraagiietie bodies hub 
ever been discovered auiiiiigst them; — uud iL lias never been said, 
or supposed, as fur as I know, that the two actions, i. e. the 
magnetic and the magneto-electric, arc separate in their essential 
nature, or that they bi« not the eunsistent and accordant, and I 
' most add reeipvocalj actions of one foroe. 

8889. That the copper, &c. are eflfectnal as magnetic media 
when in the field, may he stated also thus : — 
Let N, fig« 8, he a ma^etic pole, and C a ^* ^* ^ 
thick disc or short inrlmder or copper. If 
the copper revolve ^ M nfJjm it. 
axis, there will be no production of currents 
in it; and the magnetic action of N on 
oUicr magnets will be the same, as if the metal were quiescent 
or even away. If N recede from C there are then currents in C, 
though it be not moving; and though the efifect of N upon 
other magnets, ns far hs wc know them, arc unchanged; yet there 
is then n slight attraction between C and the N pnle. If N be 
made to approach C, the reverse eiu ronts and actions occur. As 
N approaches or recedes more quickly or slowly, the currents 
produced, and consequent tenij)orary magnetic state, are higher. 
A cylinder electro-magnet will show these effects very well. 
The copper has all the time been still, no motion has been pur- 
posely given to it ; it lias been affected by the appruxuniitiou and 
recession of the pole, has passed from one state to anoLlier, which 
states remain stationary as long as the poles are quiescent, and 
it shows every character oi a medium affected by the magnetic 
fimse. By expedients the currents in the copper maybe aUowed 
or prevented; but whether they be allowed or not, Uie state the 
copper medium arrim at is the same. If disallowed as the 
magnet approaches, but aUowed as it recedes, then the current 
due to the last change occurs, an effect easily shown with a 
magnet and helix ; and this seems to proye very distinctly that 
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the copper within the constant influence of the magnet hu * 
permanent, static, magnetic condition ; and is therefore a mag- 
netic medium, having lines of force passing throogh it. If C 
be of biamnth instead of copper, the same conents in the same 
direction occur, though in a far smaller degree ; and, as il ia 
bell^^ crl, only becanse of deficiency in its condnoting power. 

3340. There can be no doubt that very much is involved in 
these phrenomcna, of the nature of which we have little or no 
knowledge; and the results obtained by Matteiicci will probably 
lead to developTtients and discoveries of great importance. He 
states* tliitt copper, when finely divided, presents very persisting 
pha^nomena, proving its right to be considered as a diamagnetic 
body ; but that when aggregated, all, or nearly all, ita diamag- 
netic character disappears. Nothing is known as yet of the 
uiaijuer in which the mere diflferiiicc of cohesion or division 
can so affect the diamagnetic character. He finds, too, that in 
uliicr respects, as in Arago's rotation, particles ul niuLti r :u t in 
a manner not to be anticipaLcd hoin what is at present kaowii 
of them as masses ; and it is to be hoped and expected that 
when these results are enlarged and developed, we shall be able 
to farm a better judgement of the true physiod action of mag- 
netism than at present* 

Pheei of no magnetic oetiotL 

8841. The essential relation snd dependence of the two ma§^ 
aetic dualities is manifested, I tbink^ in avery striking manner, 
by the lesnhawhidi occur when we attempt to isolate northncss 
or aoothnessy by concentrating either of them on one space or 
piece of matter, and lo^ng for their presence by effects, either 
of tension or any other kind, whether connected with polarity 
or not. A soft iron bar, an inch square, 8 or 4 inches long and 
rounded at the edges, had thirty-two convolutions of covered 
eopper wire 005 of an inch in diameter put round it, so that 
covering the middle part of the bar, chieily, it could be shifted 
if needful a little nearer to one end than the other ; such a bar 
could be rendered magnetic by an electric 
current passed through the wire, and a 
degree of adjustmt iit, iii the strength of 
the iS and S extremities, could be effected 
by this motion of the iron in its helix. 
Having f^ix of tliese, it was easy to arrange 
them with their likr ])ul(js tnirethcr, boasto 
include a cubical space or chamber, tig. 9; 
and m this space 1 worked by every means 
ill my disposal. Access to it was easily 
obtained l>y a ^irevious removal of a portion of the sohd angles 
* Cours special sur I'inductton, Sfc, 1864. pp. 165, 269. 
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^the ends which were to be brought together, or hj withdrawing 
the electro- magnets a little the one horn the othcn^ and then a 
laj of light could be passed into or across it ; magnette needles 
or crystals of bismuth could be suspended in it; — a ring hehx 

could be introduced and rotated there ; and the motions oi any- 
thing within could be observed by the eye outside. 

3342. A small magnetic needle hung in the middle of tliis 
space, gave no indication of any magnetic powrr ; near the oprn 
edges and angles vibrations occurred, but tht y were as n(.>thing 
compared to the powerful indications given ouUitie the chamber; 
even when the needle was many inches away. A crystal of bismuth 
was entirdy indifferent. A piece of soft iron hung on a jointed 
copper wire within the chamber showed iin trace of magnetic 
powcr^ whether examined by the httie needle or ui any other 
manner. Iron filings on a card across the chamber were not 
affected in the middle part, but only near the partly open angles. 
A ring heHx of many convolutions, having its tmnnationa pass- 
ing out at opposite corners, was connected with a very sensitive 
guvanometer and rotated ; it showed no trace of indnctive action. 
Numeroos other enierimcnts were made, but with results alto- 
gether negative. Attempts (though desperate) were made to 
ascertain if any electro-chemical conditions were induced there^ 
hut in vain. Every -kind of trial that I could think of, not 
merely by tests of a polar character, but of tH sorts, were insti- 
tuted, but with the same negative result. 

3343. It was of course not to be expected that any polar, t. 
any dnally related polar, action could be exerted in this place ; 
but if the polarities can exist without mutual relation, we might 
surely expect some condition, some tonic or static state, in a 
chamber thus ptcpared and surrounded \vith a high intensity of 
mac:ii( tic power, actmg in great concentration on one particular 
spot or substance. But it is not so ; and the chamber offers a 
space destitute of magnetic action, and free, under the circum- 
stancesj from inaornetic mtiuence. It is the complete analogue 
of the apace presented within a deep metalhc vessel or globe*, 
when charged with electricity (1174.). There is then no elec- 
tricity within, because that necessary connexion and dependence 
of tlie electric duals, which is essential to their nature, cannot 
be. In like manner, there is no appearance of magnetic force 
in the cubical chamber, because the duals are not both there at 
once, and one cannot be present without the other. 

8344. There are many ways of examining in a more or less 
perfect manner these neutral and highly instructive magnetic 
places. A cavity in the end of an dectro-magnetio core or a 
permanent magnet will present sunilar phenomena, and in some 
respects even more perfectly ; for though a trace of pewer wiU 
Phil. Uag^ Oct 1846, vol. »dx. p. W> note. 
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peiiiaps appear at the Bottom of the cavity^ the siua or amoimt^ 
at compared to tlie aiim power at the end of tiie magnet, will 
abow how complete the analogy between thia apace and the in- 
terior of a metallic veBiel charged with positive or negative dec- 
trtd^ ia. A cylinder of aolt iron, 9 mchea in length and l*d 
in diameter, had a chamber 0*9 in diameter and 1 inch in 
depth formed in one extremity concentric with the cylinder; 
and being placed in a powerfol helix of thick copper wire, and 
associated with a dhrove'a battery of ten pair of plates, waa ready 
for experiment :-— a like chambered magnet can be prepared 
patting a proper iron ring against the end of any electro- or 
ordinary magnet, and will show the phsenomena I am about to 
describe. A piece of soft iron, not more than 0*3 of an inch in 
length or thickness, held at the end of n copper wire and brought 
near the outer edge of the excited magnet pole, will be very 
stroll attiac ti'd ; but if it be applied to the bott(mi of the 
chain brr it wiii present no such clfect, but be quite inditft i rnt. 
If applied about the sides of the chamber, it will indicate no 
eflFect until it approaches the mouth. If the magnet be placed 
horizontally, and a jriece of card-board be cut, so that it can 
enter the chamber and represent a hori/ outal section of its 
cavity ; and, beiug sprinkled over with clean iron filings, is then 
put into its position and the magnet excited for a moment that 
It may develope its power over the chamber and filings and give 
them their indicative position ; it will be found that only those 
near the month have been driven into a new position (about the 
outside angles of the pole), and that fonr-fifths of those upon 
the surface of the card within the chamber have been left im-. 
affected, unmoved. If the chamber be filled with iron filings, 
closed with a card, placed in a vertical position with the aperture 
downward, and the magnet be then excited and the card re- 
moved, the filings will fall out ; aa they come out they will be 
caught away, end form a fine fringe round the external angles 
of the pole, but not one will remain at the bottom of the chamber, 
or even anywhere within the chamber, except near to its external 
edge. Yet, if a piece of iron long enough to reach out of the 
chamber, aa a nail 2, Z, or 1 inches lonp:, touch the bottom of 
the chamber, it is strongly attracted and lipid there, and will 
support a weight of several ounces, though prevented from 
touching tlie chamber anywhere else by a card with a hole m it 
placetl over the mouth. 

334rj. It a small magnetic needle, about 0*1 of an mch long, 
be brought towards this excited magnet, it is almost unmanage- 
able by reason of the force exerted upon it ; but, as soon as it 
has entered the chamber, the power rapidly diiniuishes, and at 
the bottom the needle is scarcely, if at all, aifected. 
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3346. If, instead of the core and chamber described, an inm 
tube of sufficient thickness of metal (as part of a gim-lMml) be 
employed, then like effects occur. If the magnetic needle be 
introdooed^ it ceases to be acted npon when about 1'5 inches 
within the tube. If the tube be more or less filled with iron 
filings^ and then be excited and held mtteal, they will all pour 
out and fall away^ except those which are retained at the external 
edges. Yet, if a long naO be introdnoed, so as to be partly oat 
of the cylinder^ then it wiU be strongly attracted at the internal 
point, where it touches the iron of the tube core. 

8347. The realisation of like effects by grouping together the 
poles of ordinary magnets gives most interesting results. I have 
four very hard steel magnets, each 6 inches in length, 1 inch in 
breadth, and 0*4 nearly in thickness. p- 
When the four like poles are put . ' _ 

together, fig. 10, they form a ffat 
square chamber in the same plane as 
that of the magnets. If a piece of 
stiff paper, the size of this ehamber, 
be raised on a l)lock 0-2 of an inch 
high, then s])rinkied over with iron 
filings, and the magnets afterwards approaclud regularly until 
the square chamber is formed, a little tapping- <j!i the card will 
then arrange the tilings in linen irom the sides of the square 
chamber to the centre. The filings show at once the direction 
of the lines of force in this medium plane, and their greater 
abundance at the middle of each pole than at the re-entering 
angles ; and if the filings be then removed and the indication of 
the course of the lines be followed out by a small magnetic 
needle, it will be found that the lines rise upwards from this plane 
above^ and descend from it below, and then turn back upon their 
eourse in the free space o?er and beneath the arrangement 
towards the S poles of the different magnets. The oondition 
will be understood in a moment, by considaing the sphondyhnds 
of power belonging to each magnet (3271.), and the manner in 
wfaadi thc^aie assodsted when the four like poles come together. 

8848. When the magnets are tnmed edges upwards, diey 
form awtical chamber 1 inch high and pjg, 
only 0*4 of an inch in width, and now 
phisnomena like those just described occqTi 
out only near the entrances to the chamber; 
as the little needle proceeds into the en- 
dosed space, tiie power of the magnets be- 
comes less and less, and at the middle of 
the chamber scarcely a trace remains ; that 
place being,like the closed chamber, formed with six poles(8841.). 
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or like tbe bottom of a ebamber formed in tbe end of a magnetic 
pole, a nentral place, or place of no magnetic action. 

8349. The transition by degrees, firom a pointed conical pole 
to an inclosed chamber, is, from the reanlta described, very evi- 
dent ; and so also is their conneiion with thoae belonging to the 
nnmerons neutral places produced under ordinary drcnmstances 
(3234. figs. 6, 10, 11, 16). Not the al^htest difficulty or hesi- 
tation occurs, when these results are read or considered by the 
principle of representative lines of force ; all the variations in 
the strength of the magnetic force and in the direction appear 
at once. But the great point is to observe how they all concur 
in showing the necessity of the complete and equivalent dual 
relation of the magnetic forces. When that is diminished or 
interfered witli in any degree, in the same proportion does the 
power R whole })ecome diminished ; until, at last, it absolutely 
disiippears from a Lj:iv<'n place, though ( iicrgics of the strongest 
kind are directing tlie force on to that spot, supposing that one 
of thp dual elements could exist in any degree without, or iude- 
pi lult 111 of, the other. 

o350. Wilt n formerly working with bismuth and nmimets, I 
described se\ t rai results (2298, 2487. 2491.) due to th( principle 
ui DL uLral magnetic places, more or less developed, li a sphere 
or cube of bismuth be delicately suspended by a vertical suspen- 
sion or on a torsion balance, and an N pole be brought 
towards it, fig. 12, the bismuth wiH be re- nu lo 
peUed and the anspenrion deflected:*— if a ^* ^* 
aeeond N' pole be brought up, aa in the 
figure, the bismuth will be leas repeUed by N 
tnim befofe^ will return ton^rda it,and wXL 
alio aeem to attract it, for on approadung 
tbe bismuth will tend to go into the angle 
IbnnedbyNandN'. If a third pole, N",^e 
faroogfat up on the opposite side, the bismuth will then aem to 
be attraeted by it, ana by the first pole, and will, in fiict, return 
▼ery nearly into the position it would have if all the magneta 
were away. I thought at one time that magnetic s tru ct u re, given 
by the aeeond north pole N' to the bismuth, might produce the 
approximation of it to N, and if so that this would be neutralised 
by the action of a like pole N'' on the opposite side, and so the 
approximation of the bismuth (if due to such a cause) be pre- 
vented. On the contrary, however, such a pole increased it; 
rtiul a inoiiicnt's ron<jideratioii , by showing that the three poles 
form a chaiiihcr of dmimished oi- no action (3811. 3347.), shows 
also that such ought to be the case. All tlie movements of thu 
bismuth are the result of the tendi ucy which it ha« to pass 
firom stronger to weaker places ol magnetic action {Z'^ib*) ; and 
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in the present eaae they show that weakened plaoe», which in a 
higher degree would be a pkce of no magnetie force* 

The moving conductor* 

8851. I wish to make a few further remarks (8886. 8887.) 
upon the valae of the moving conductor, as a means of investi- 
gation in magnetical science. It will be sufficient to refer to 
former papers for a statement of the princi[)les, the power, 
and the certainty of its indications (8156. 3172. 8176. 3270.). 
At present^ I desire to apply it in a direct form of experi- 
ment, to the supposed reverse polarity of iron and btsmuth 
(3309.). 

3352. Four metallic spheres of copper, bismuth, soft iron, and 
hard steel, 0*8 of an inch in diameter, have been prepared ; each 
has a copper axis carrying a small wooden pulley, so that when 
in its supporting frame, rotation, more or less rapid, can be given 
to it by the band of a multiplying wheel; each also has a thin 
copper ring driven tightly on to it at the equator, which, being 
grooved, serves to retain a galvanometer wire pressed against 
that part during the revolution of the globe ; the other wire 
meanwhile being held against the copper axis. These globes, in 
then" liamc, could be placed one by one in the magnetic field ui 
a powerful permanent Logeman 

magnet, so as to be subject to *^*8* 
the magnetic force, fig. 13 ; and 
then rotated^ and the currents 
of electricity induced in them 
carried to galvanometers. Two 
suchinstrumentswereemployed, 
one, a RuhmkorfiPs^ with fine 

wire (2651 the other with a thick wire of only four revolutiona 
(8178.). The latter was the best, but both gave good indications. 
The position of all things concerned was preserved undisturbed 
during the ezperimenta, so that it will not be necessary to do 
more than to describe a standard effect, and afterwards nfer 
other effects to it. This itandard may be taken firom the current 
indicated when the copper globe was in the magnetic field ; and 
it was such, when the upper part of the globe moved westward, 
as to send the south ends of the galvanomnter needles to the 
west also : eight oi- ten revolutions of the globe would cause the 
needles to pass tludui:!! 80^ or 90°. 

3353. The soft iron sphere was placed hi the magnetic field ; 
it was so good in character as to retain very slight traces of 
magnetism when taken out again. Being revolved, it gave a 
current of electricity, the same in direction as that of the 
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standard or copper ball. It is easy to imdentaiid» that if tlie 
globe be noTed parallel to itielf^ but away from the magnet, in 
a Une perpendicular to the magnetic axis (as into the dotted 
podtioiiy 8862. fig. 13), it will pass through places of weaker 
magnetic action. Under sach changes of place, the indoced 
current was weaker or stronger, according to the distance, but 
ahraTs in the same direction. Assuming that the rotating metal 
does give a true indication of the polarity or direction of the 
majjnetic force {3077/^, the results show thnt the polarity 
of the fnrrp which iiuluccs the«^e ciirrtaits, and which i*^ the 
ma^^iitiic haci' of tlic cit)mmant maguet, is the same both m the 
copper and in the iron. Other cases of the current irom revolving 
iron may be referred to in the Exp. Res. (3162.). 

3354. The hisumth srlobe was placed in the magrnetic field. 
If made to revolve much, with the galvanometer wire press- 
in? atrainst the copper equator (3352.), the latter became 
warm by friction, and a permanent thermo-current was pro- 
duced : this has been considered un a loimer occasion (31(38.). 
Its effect IS easily eliminated by revolving the globe a given 
number of times in opposite directions, observing the two 
deflections, adding them together, and taking the half of the 
tmn for the amount of indnced carrent in either one direction 
or the other; for as the thermo-current \% added on the one side 
and aobtracted on the other, soeh a process gives the real 
amonnt of the induced coirent. When, however, the biamntii 
qihere is revolred only five or ten timea^ the thenno*effect is so 
small aa to make the galvanometer deflection very little more in 
one direction than in the other. .When doe attention was given, 
the rotation of the biiSiath sphere produced an induced current 
in precisely the same direction as those obtained with the 
copper and iron ; and so far^ therefore^ it indicated precisely the 
•ame direction of polarity for the magnetic force then acting 
npon and in it. 

3355. The hard steel sphere, having heen previously examined 
by a email needle and found to he numa^etized, was placed in 
the magnetic field. It was then revolved, and gave an induced 
magneto-electric current in the same direction as the former 
currents. Being removed and again examined by the magnetic 
needle, it was found not to have received any sensible charge of 
matrnetisni. 

335^)- So these four metal globes indicate like polarity of the 
mHL'TK tic force, nctiiig upon and within them, when examined 
thus by the magtieto-electric current due to movement across the 
lines of force. Hy researches described elsewhere, it is known 
that all nietah>, and all h(Hiieh which are sufficiently electro-con- 
ductors, down even to aqueous tiuids, give the same direction of 
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the magneto-electric current : — it is never reversed without re- 
version of the polarity, and reveraion of the polarity uiwaytt^ 
verses the induced riirrent, 

8357. The hard ^U:\A sphere was now made a magnet, and 
though not of crood shape to retain magnetism, being very short, 
yet it was able to sustain being piaeed in the niagnutic field, in a 
position the reverse of the polarity of that field, and yet retain 
its polarity ; for when taken out and examined by a magnetic 
needle, the polarity was found to be the same as before. Such 
being the case, it ^seemed to me that this magnet miglit be em- 
ployed to represent, according to the \iew of those who conceive 
that lion and bismuth are polarized in opposite directions in the 
magnetic fields both iron and bimnUh ; maraiuch as it oonld be 
placed in the field in that condition of polarity, which these ace 
then supposed respectively to acquire. The globe magnet was 
therefore placed in the magnetic field in a position conformable 
to that of the dominant magnetj «. « . with its N pole towards 
the S {)ole of the magnet, &c. ; and being rotated, it gave an 
induced magneto-electric current like that of the standard and 
of iron (8352. 3353.). The dominant magnet was then with- 
drawn to a distance (3353.) and the globe rotated by itself ; it 
gavCj as it ought to do, the same current as before ; for it, by 
its coercitive force, retains permanently that state of polarity, 
which the iron could receive only temporarily whilst in the mag- 
netic field. Being now turned 180^ in a liorizontal direction, 
the t^lohe inRirnet was reversed as regards the dominant magnet 
(the latter beiug, however, still at a distance), and now the globe 
magnet gave a current the reverse of the former, or of the 
standard rnrroTit ; and yet a very consistent current in relation 
to its own polarity. 

3358. The dominant magnet was now gradually brought up, 
and its eftect on the reversed globe magnet observed. The cur- 
rent from the latter bccauie less and less, and at last was in- 
verted, becoming like that of the standard current ; nor can that 
be wondered at, when it is considered that the dominant ma^et 
was the largest supplied by Logeman to the Great Exhibition, 
and able to sustain a weight of 430 pounds, and the sphere 
magnet only 0*8 of an inch in diameter, and very imperfectly 
hardened in the interior. But when the dominant magnet waa 
withdrawn a little, a place was soon found for the globe magnet, 
where its rotation in either direction produced no current at all; 
Outside of this place, the rotated sphere gave a current, the re- 
verae of that of the standard; whilst the iron and bismuth 
sphefes in the same place, gave currents alike in kind and the 
same as that of the standard. In this region, therefore (and it 
is like the whole of the magnetic field of many inferior yet very 
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powerful magnets), li' we represent bismuth by a magnet, re- 
versely polar, as ))ismiitli is supposed to be, we obtain induced 
magucto-elcctnc currents, not like those of bismuth, but the 
contrary ; and if we turn the representative magnet round, so 
as to give it the position in which it yit'ldn currents IlLc those 
of the bismuth, then its polarity contradicts, or is the reverse 
of the assumed poltii ity of the bismuth. 

iiooD. Xow Liulil the poliiiity or direction of the magnetic 
force which determines the course of the induced nia<3^ueto-elec- 
tric currents produced in every moving conductor, is distin- 
guished and separated from the polarity or direction which 
eanies movement amongst bodies sabjected to tbe same force^ 
bcMT can these phenomena be accounted for by the supposition 
that the biamnth sphere is in the same polar condition as the 
lerersed globe magnet? The reversed magnet is, in fact, the 
eonirary to bismn^ and to iron j — ^then bismuth and iron must 
be the same. The direct magnet is the some as the bismuth, in 
that pdbrity which induces a current ; — then the magnet and the 
bismuth are the same. How easily all these effects present 
tbemsehres in a consistent form, if read by the principle .of re- 
presentative lines of force, tiie reversed globe magnet at a 
'distance from the dominant, shows, in revolving, the effect of 
the lines of force within it (3116.); as the magnet is ap- 
proached, its external sphondyloid of power is compressed in- 
wards (3238. fig. 15), and at last the magnet is self-contained; 
then showing the equalization of its own powers, and as yet the 
absence frum within it of atn'of the powers of tlm chief magnet; 
so that it gives no induct d ( iirrents, though m a place where 
bismutli and iron would give tliL-m freely. AVithin that di- 
stance the eflfect of the superior and ovcrpowerinu; force of the 
great magnet appears (3358.), which, though it can take 
partial possession of the little magnet, still, when removed, 
sudcrs the force of the latter to develope itself again, and present 
the same series of phajiuuiiLua us before. 

3300. \'an Rccs admits, I believe, that the moving wire 
. shows truly the presence, direction, and nature of the magnetic 
force or forces; and it is very important to know that the set- 
ting of a magnetic needle, or crystal of biamnth, and theprodnc* 
tion of a current of electricity m a moving conductor, are like 
oorvdative and consequent effects of the magnetic force ; the 
mmer of producing one or the other effect being rigidly the same. 
Philosophers should either agree or differ distinctly on this point ; 
■o that if they differ, they may point out clearly the physical 
•epavation of tne phsenomena; which, if established, must lead 
to neir and important discoveries. The polarity direction which 
the moving conductor makes manifest, whether that conductor 
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be one of the panunftgiietic or dtamagnetic bodies themselves, or 
whether it be a conductor moving emongst them, either by itaelf 
or with them, is always the same. The eleetrie curaent pro- 
duced never indicates a change in the direction of the pohuity, 
from that belonging to the first aonrce or seat of the power ; 
whether it be a magnet, a solenoid, or of any other nature ; the 
only difference being in the strength of the electric current 
produced, which difference' is directly referable to the cUrtro- 
conductmg power (3113. 3152. 3163.). If such be the iKituial 
truth, how can the two modes of indication ever give opposite 
results ? If opposite results seem to appear, and only occa- 
sionally, is it that mode of induction wluch gives one consistent 
result that we should doubt, or that which seems to be incon- 
sistent with itself? especially when similar contrary phtcnomena 
in abundance are known to be produced by bodies haviug 
like polarity (3316.), and when excellent physical reasons, 
founded on differential action, offer themselves for their ex- 
plication. There is sufficient reason to admit, that the mag- 
netic needle cannot be always a troe direct indicator of the 
amount or the direction of magnetic action (28i68. 2S70. 3156, 
8298.)* Should we not therefore, in respect of the above phse* 
nomena, rather conclude, for the time, that the simple and uni* 
form results of the one mode of action, are the true indication ; 
and that where, in the other mode, the phsenomena are reversed 
or doubled, a part of them are compomd in their nature ? I 
may, in conclusion, remark, that the effects of motion and those 
produced in the action of magnetism on light, are never reversed 
in any case, whatever the medium in which they are observed ; 
both point to one direction of polarity only, namely, thai of the 
dominant source of magnetism. 

3361. I will bring these imperfect observations to an end, by 
a very brief statement of what I suppose to be the condition of 
a magnet; and by a disclaimer, as to anything like conviction on 
all points of that which 1 set forth as a supposition tending to 
lead to inquiry. Contemplating a bar magnet by itself, 1 see 
in it a source of dual power. I believe its dualities are essen- . 
tially related to each other, and cannot exist but by that rela- 
tion. I think that though related through the magnet by sus- 
taining power, they arc not so related discharging or inducing 
power, a power equal in amount to the coercitive or sustaining 
power. The relation externally appears to me to be through 
the space around the magnet ; m which space a sphondyloid of 
power is present consisting of closed curves of magnetic force. 
That the space is not magnetically dark (3305.) appears to me 
by this; that when bodies occupy that space, having like rela- 
tion by known phsenomena to the power as the space has, as 
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copiMr^ niereiiry|ftc>j the^ produce magncto-electnc coneiits 
when moTcd. When bodies (media) occupy the space around 
the magnet, they modify its capability of transmitting and re* 
lating the dual forces of the magnet^ and as they increase or 
diminish that capability, are paramagnetic or diamagnetie in 
their nature; giving rise to the pluenomcna which come under 
the term of magnetic conduction (2797.)* The same magnet 
can hold different charges, as the medium connecting its poles 
varies ; and so one, fully charged with a good medium, as iron 
between its poles, fUla in power when the iron is replaced by 
air, or space, or bismuth. Corresponding eflfects occur with 
longer or shorter magnets (3290.), or with magnets made thick 
by adding many sideways together (3287.). The medium about 
a iiiai^net may be mixed in its nature, and then more dual 
})o\\ Lr IS disposed of through the brttrr coiulucLor than the worse, 
but till- whoh^ amount of power rcmams unchanged. The powers 
and utility ot the media, and of space itself, fail, if the dual force 
or polar action be interrupted. The magnet could not exist with- 
out a surrounding medium or space, and would be extinguished 
if di prived of it, and is extinguished, if the space be occupied 
adversely by the dual power of a dominant magnet of sufficient 
force. The polaniy of each line of force is in the same direction 
throughout the whole of its closed course. ViJiiiting iii une 
direction ur unotiier, is a differential action due to the con- 
vergence or divergence of the lines of force upon the substance 
acted on, according as it is a better or a worse conductor of the 
magnetic force. 

8863. But though such is my view, I put it forth with all 
the leservatbn made on former occasions (8244. ^99.)* I 
do not pret^id to explain all points of difficulty. I have no 
dear Idea of the physical oondition constituting the charged 
magnetic atate; t« e« the state of the source of magnetic 
power : — or the ooercitivity by which that state is either 
leskted in its attainment^ or sustained in its permanent condi- 
tion ; for the hypotheses as yet put forth give no satisfaction 
to my mind. I profess rather to point out the difficulties in 
the way of the views, which are at present somewhat too easily 
acceptM, and to shake mens' minds from their habitual trust in 
them ; for^ next to developing and expoundings that appears to 
me the most useful and effectual way of leuiy advancing the 
■abject: — ^it is better to be awarCj or even to suspect, we are 
wrong, than to be unconsciously or easily led to accept an error 
WM lii^t. 

Bojral InstitutioD, 20 Dec. 1854. 
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XrV. On the Action of the Violet and Ultra-violet Imnsible Ughim 

By W. ElSENLOHR*. 

THE phicnoincnon described by Stokes under the name fluor- 
rsrrncc, led me to the supposition that this was caused by 
the iiitt I feience of the shorter system of waves, bhit -vinlct and 
uitra-violet (for the sake of shoi-tncs^, the elieDncally-acting invi- 
sible rays of the spectrum may be so designated). I think, with 
many others, that the eye has the greatest sensibility for a cer- 
tain duration of vibration (the yellow light), and that it is the 
more sensitive for longer or shorter waves, the more these differ 
from the medium hght in their depth or height. 

Light itseli consists of the visible systems of waves, and 
besides these, of such as are longer than red and shorter than 
violet. As the combination of two tones is always deeper than 
each single one, out of which the compound tune arises, so from the 
interference of yellow and blue there can result only light of greater 
length of undulation, and not violet light. Now since red has the 
longest undulations of the visible light, the combination of red 
and yellow waves of light can only give a deeper tint tlian red, 
and oonsequentlj no viaible light. A flnoreteenee in the dark 
Bpaoe of the spectrum near the red is not therefore to be expected. 
It is quite otnerwise at the other end of the spectrum. Hie 
ultra-violet is the light acting in the dark space oif the spectrum 
near the violet; its existence could only be shown by its chemical 
action, bdbre tJie wonderful discovery of Stokes. It consists of 
countless systems of undulations, the lengths of which, difeing 
among themselves, have all a diorter duiation than the violet 
light. Through their interference, waves of greater length than 
their own result; and by their great variety, tints of combina- 
tion no less numerous; nence in many cases all kinds of visible 
light, or white. 

In other cases a certain colour prevails in the mixture of the 
tints of combination, which will partly arise from the length of 
the original waves, and partly from the distance of the reflecting 
layers of atoms of the fluorescent body f. 

Starting from this view, I have made experiments to find 
sources of light in which high tints prevail, in order to test this 
idea. Violet and blue glasses, through which the sunlight was 
admitted into the room by means of a heliostat, separating 
single parts of the entire spectrum from the rest, and causing 

* Poggendorff*s Aw$dlm, vol. zctii. p. 6Sj3. 

t Of course the comparison bet^vocn the tone of combiiu^oii, and the 
light prodtKMMl h\ various kinds of ultni-vioU't or other waves, must not be 
taken hterHily, lur otherwise the number of vit}ratiou& of tlie re&ultiug 
colour mutt be equal to the difference in the number of vibrations of the 
tnigiiisl rays. 
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the light thus obtaiued to penetrate into the fluorescent bodifeSj 
proved, at least, not the contrary of my supposition. I ascribe 
the causii ut' the partially blight success to the circumstanctSj that 
I possessed no blue and violet glasses of sufficient purity, which 
on tbat tcconnt allowed fewer of the more intensely acting rays 
to pass through. At last the violet light occurred to me, whidi 
lesolts in the so-ealled deccrie egg when it is eschansted of air. 
I tried its aetbn on fluorescent bodies, and was delighted to see 
that it prodnoed some of the appearances described hy Stokes, 
with a splendour which I have never seen with the most heantiM 
experiment by means of the speetmm. Paper on which a design 
had been made with a solution of sulphate of quinine, showed 
at a distance of ten to twelve feet from the oval receiver in the 
dark chamber, all the details of the design in the most beautiful 
white on a deq) violet ground. Rohmkorff's induction appa- 
ratns is extremely convenient for the production of the electric 
light in the receiver, when the latter is almost exhausted of air. 
The appearance is so striking^ as to lead to the belief that the 
writing or design on the paper is itself shining and sparkling. 

Hence, in my opinion^ it follows, — I. That the violet light 
produced in vacuo is mixed with a large quantity of invisible 
\iltra-\ lolct rays. 2. That out of the ultra-violet rays of the so- 
called northern lip:ht invisible to the naked eve, tliere results by 
interference in fluorescent bodn s a quantity of visible liprht, and 
that therefore this light, rcticctud from the surface oi the paper 
which has been marked with quinine solution, appears brighter 
than direct light; that therefore, out of the ultra-violet light 
iii\ isible to the naked eye, there is produced by mechanical means 
actual light. 3. That the so-called northern %ht has the strong- 
est chemical action. 

A further conclusion is, that the light la vacuo of Ruhmkorff's 
apparatus, or even that of the electric machine, is a much more 
powerful agent for testing the duorescence of bodies than au^ 
hitherto employed. 

I may here mention that I am still engaged on this subject^ 
and reserve to myself further communications. The short time 
It disposal oompds me to limit myself to the statement^ that 
• thick white glass in the dark dumber appears of a elear and 
splendid gray. 

^ I scarcely doubt that the white tokur of the electric light in 
air hlis also its explanation in the combination of the higher 
systems of wavesy which are formed in consequence of the mani^ 
lold reflexion on the atoms of air, and the consequent inter- 
ference* Even the son's are, according to Sondhaus, yiolet, 
and we see the son, as it appears to us, only through a mixture 
of tints^ whose production can be explained bv the combination 
of the diorteriystems rays of the violet li|^ 
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XY. On the Law ofAhtorpHm of Oum. By B. Btoisn^. 

[With a Plate.] 

GASEOUS bodies are absorbed by liquids on which they 
exert no chemical action, in quantities depending upon — 
1st. The essential nature of the gas and oi the absorbing 
liquid ; 

2nd. The temperature ; 

3id. The pressure to which the gas is subjected. 

The volume of gas, reduced to 0^ and 0'^ 70 pressure of 
mercury, which is absorbed by the unit volume of a hquid, 
under the pressure of 0^*76 is called the absorption-coeffi' 
cient, or coefficient of ahgorpHon, The value of this abaorption- 
co^dent decreases in general with increase of temperature, in • 
ratio dependent upon the chemical nature of the absorbed gas 
and absorbing liquid. The ▼alaes of the absorption-coefficients 
for varying temperatures can only be determined empirically. 
An exact relation exists between the volumes of absorbed gasf 
and the pressures under which the absorption takes plae^ the. 
amounts of gas absorbed varying directly as the pressure. 

The coefficient of absorption of any gas is therefore known 
when the following quantities arc given : — 1, the volume V, 
before the absorption, reduced to 0° and P pressure ; 2nd, the 
volume V| remaining after the absorption reduced to 0° and P| 
pressure; and 3rd, the volume of the absorbing liquid. The 
amount of gas absorbed by the volume hi of liquid under the 
pressure F„ is equal to the difiference between the volume of gas 
originally taken, and that remaining nnabsorbed, 

VP V,P, 
* 0-76 0-76 • 

If the pressure duiiug the absorption had not been P, but 076, 
the amount of gas absorbed would have been, according to tlie 
above law, 

p, 

Hence it follows that the coefficient of absorption, i. e, the 
amount of <;ns absorbed in the unit volume of liquid under the 
pressure 0*76, is 

■-l;Cp^v.) (■) 

When the coefficient « is known, the amount of gas y absorbed 

* Commumcatcd by the Author. The Editor:^ are indebted to Mr. Boaooe 
of Heidelberg for the translation of this memoir. 

t The ezprettioBf amount of eas *' or ''reduced volume,** are henoe- 
ibrward to be uudenfood to aipi^ the volume of gss reduoed to 0* and 
((H*76 pfsisure of mercury. 
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M. B* Banien on ike Law of Absorption 0/ Ga$ei. 117 

in h volumes of lx(^iud imdcr the picsihiu'e F is givtn by the 
equation 

If two or more gaiei are mixed together^ the ftbaorption of the 
eonititafint perts is proportional to the preanm to which these 
parts are severally subjected. Let the volumes v^, v^^, fig. 4, of 
different gases^ each under the pressure P, remain unmixed one 

above the other, separated by the diaphragms t f, i, i, ; each of the 
gases exerts a pressure P against the inclosing diaphrn,2^m ; with- 
draw the diapbras!:ni ami remove the resistance opposiiifi- the action 
of the prc!5^ure,and the particles of will, in virtue ot the pressure 
[)enetrate into the gases r^r,,, which otier no resistance. The 
mutioii of the particles of the gas t?j ends with a state of equi- 
hbnuiii, whieli eubues when the pressure exerted by Vj has 
become e((ually great at every point of the space J'i+?'2 + t?„; 
that IS, when the gas r, exerts a uniform tension throughout the 
total volume. The pressure on V| is therefore^ according to the 
law of Mahotte^ 



P. 



In like maimer it U hand that the gases wli^n eqmli* 
Man has ensued, are sobject to a preasuie of 

'V_pand ^ P. 

fkom these {)re88iires of the constituent parts the total pressure 
of the mixture is found to he 

t»|+r,+»(» »i+t;^+v» Vi+»t+»ii 
The amount of each constituent gas absorbed is proportional 

to the presaure on that constituent part — — P; and these 

. Vi + Va + t'ii 

pres su res may he distinguished as partial pressures/' in con- 
tradistinction to the "total pressures'' on the whole mixture. 

If a mixture of gas, unalterable b^ absorption, consists of two 
or more volumes of chemically different gases v^, % Vn, the 
amount of each gaa dissolved in h volumes m liquid under the 
pressure P, when a» are the respective absorption-eoeffi- 
daits of the different gases at the observed temperature, is of 
the first gas, 

•,APpi . 
0»76(r, + t;5-|.t;J' ^"^^ 



Digiiized by Google 



IIS 2^ BOSUBL J» IBr 



TTk* irut T'-.iTiine at y 



*^t»Z — T-^ z-J .... (10) 
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% M tWcootnijf the — oontiflf rht wyiii 
mrtained in tbe vnit of ifciwWd c»i«elawiro,lh» 

cif tlM gai befom sbioqibooy or ol tkat 
M foQikd from the folkmrng cqvitioot. 
1W unit of free gM mint>in»of tlie fat gm^ 



(') 




•i*: — r-^ 1-5 .... (9) 



TbcJic formoke are only strictly trae on the sappoeitioii thai 
the reUtion originally cxiating between the vohimea of the cm* 
atitneat gates ii not appredahly di^urbed inooiMeqiieDoeof ^ 
abnorfitkm j they are therefore, accurately apeaking^ only tcpjSu 
cable in the cane in which a gascotis mixture of constant com- 
pomt'inn, cither infinitely hrf^o or continually renewed, acts upon 
a Unite volume of liquia. 11 (he volume of liquid employea u 
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M. B. Bunsen on tlie Law of Absorption of Gases, 119 

appreciable compared with the volume of gas. the alteration 
which the absorption causes in the composition of theunabaorbed 
gas must be brought into the calculation. 

Let us next consider the alterations which a mixture of two 
gases undergoes by nbsorptioii, su})posiiig that all the volumes 
of gas employed are reduced to 0°. Let the total volume of gas 
under the pressure P be V ; in the unit volume of this gas let 
there hv r volumes ol the first gas, and V| of the second. Let 
the absorption-coefficient of tlie tir-^t Eras at the observed tempe- 
rature be a, and that oi the secoud f3, and the volume of absorb- 
ing hquid h. Further, let the total volume of the gas remaining 
after the absorption he V'j under the pressure P, ; and lastlv, let 
the unit volume of i\n<^ rcmdnal sras contain u voliiuica oi tiie 
first, and volumes of the sccoiid gas. 

Hie volume V contains vY volumes of the first gas at tho 
rVP 

pratnre or volomes at 0^76. This volume is sepa- 

rated by absorption into two parts : the first part^ u,, remains 
behind after the absorption as free gas; the second^ x^, is that 
absorbed by the water. The amount of this hitter is defiarmined 
by the law ^ absorption ; the unit of liqnid absorbs the volume 
aimderthepres8aie0">'76; hence under tnepressorePp A vohimes 
of water will absofb 

As^ however, the first gas is eipanded by miztare with the 

VP 

second from x to a L J , the amount of gas absorbed by h is^ in 
consequence of the partial pressnrej 

Hence 
or 



4r= 



and by similar reasoning, the vohmie of the second gas is 
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120 U.KBaMmtLmtMgLmBofJimpiim^ 

Hence when 

rVP-A, »,VP-A„ (l + ^)=B, nd (l+^)=B„ 



we oUau 



(AB, AiB) "^arH-y • - • • (12) 



A.B 



^ y 



(13) 



Ifc ia clear :hat, the composinon or an imknown 

gaseous mixture may be found from the cixange of voluine ensiung 
from absorptioa by a liquid. In tins way it ia poauble to analyw 
nuxtum of gaiet by a pozdy physkal expenaiait unassisted by 
chemical deoQnpM&tOB. 9nch a h wup fiQ—tr ii dtibanumtiam, 

I tem tfacniy on^ mMbr iTrtiiu ooaditioai^ TffPifl^j km 
reet thsn a cbanicil analysia, odn mmit won mmpkt and 
valient. Oftem, indeed, this mode of mnljtm it of 
importne^ m nhring quealiaui windi by 
not d c t* i iuMin abic> 

L«t nt ncait cMMder the <w in wfaiek two 
vhose ffltrttffB to c nA atfacr it to be i^tTiiwiiii 
tMHMtne experiment. 

let 4r be die caeiginal vohme of thefint ledBwi to 
pressure 1; 

Let be die fofaiBe of the 
to the pressure 1 ; 

Let 0^ be the fofane of 

The pressure on the unabsorbed ga^ 1 ::i :iien It" the ab- 
sorbed amount of the gas 1 he fednced to this [inim^ tte 
▼oime ii mk} ledwd to fmm 1, it iethodbce 

?^ 

and hence 




or 



Hence the preemre of the nnthioihed gee 1 ii 
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If y and y' represent the same values for the gas 2 which x 
•ad X did for the gas 1^ the pressure ot the uuabsorbed gas 2 is 

y 

Ai F is the pieasme of the mixtoe, we get 

If P is the pressure under which the mixture oiigiuaiiy occu- 
pied the volume V, we ha\ c 

(also obtained whea A=0). We have theu 

- ar y 

y 



If weplaoe 



1 — Yp"^ yp* 

VP=W 
(V'+dk)F«A 

(V-|-i8A)F=B, 

» W-B A 



y"A-W F 

or the volumes of the Erst and second gases in the unit volume 
of the mixture are 

JL.^lz:^.A (14) 

«+y"A-B'W 

For the ease in which n gases are to be determined, n equa- 
tions are required^ easily obtained by obeerring for particular 
temperatures /, t^i, the eoneepondmg gaseous yolmnet 

V, V„ ... V,_„ at various pressures P, P„ P, ... P„.„ or for 
different volumes of liquid h,hi, h^,„ h„-i. Thus for a mixture 
of three gases whose volume is dp+y +fi the following eqnatbna 
obtained: — 

*-VP'^VP"^VP 

(V^+«A)Pi (Vi+M)Pi"*"(V|+yA)P/ 
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122 M. R. Bimsen on the Law of Absorption of Gases, 

li we ^ubiititute a, b, c for the coefficients in the first 

1 

equation, 6| Cj for , p - in the second, and a^b^Cg for 

y ~ B ~" <ic^— tf^i + OiC— «|C^+<igC| — fljc' 

or 

ar + y+-f~ A + B + C ^^^^ 

*H-y+ir=AH-B+C ^^^^ 

The foregoing lonniilae an; founded upon the well-known 
hypothesis of Daltoii and Henry, which, however, is not con- 
firmed by the extremely inaccurate experiments hitherto made 
upon the subject. In order to verify them, it is necessary in 
the first place to obtain an exact dekermmation of the coefficients 
of abaorptioii ; for this purpose- 1 me a& abaorptiometer of the 
following conatmction 

The absorption-tabey e Plate I. fig. 1^ divided into milli- 
metres and calibiatedi haa a amall iron band fiimiahed with a 
aevew luted on to ita lower and open end; this fits into another 
acrew attached to the small iron atand a a, fig. 2. By thia axrange- 
inent the open end of the tube can be screwed down againal a 
plate of caoutchouc covering the louer surface of the atand, and 
the tube thua hermetically dosed. On each nde of the atind 
are fixed twoateel apiings c c, which fit into two i:^piight groo fm 
inaida the wooden foot of Uie apparatoa/, fig* 1« ao thai tho 
ataad can be either raised or depresaed, but not turned on ita 
ana. It ia thus easy, when the tube and stand are in their 
plaoesi to qpeQ or dose the absorption-tube by giving it a very 
aUght motion on its axis to the right or left. The outer cylinder 
fff> fig. 1, surrounding the absorption-tube is not luted dther 
into the wooden foot f, or into the iron rim A, but the screws 1 1 
press the ground-glass edges of the cylinder against the caout- 
chouc rings. The tubes rr serve to pour in mercury, so that 
any wished-for pressure is obtanied in the absorption-tube by 
raising or depre«ising the colnnni of nn^rcury m the inner glass 
cylinder. . The temperature of the surrounding water is deter- 



Digiiized by Google 



M. R. Bimseii on the Lmo of AbiorpHm Gum* 128 

mined bjr the Niudl thenuomet^ c. The apper end of the outer 
qrltoder it doMd hj an iroii lid having a hinge at one side, and 
liMtened down by mean* of a nut and icrew attached to the im 
rim k, fitting into a imall slit in the side of the lid. In the 
middle of the cover inside there is a raised rim of iron^ over 
which a thick sheet of caoutchouc is extended and fastened hj a 
screwed ring s. This distended caoutchouc serves ss a sprmg 
against wbicn the top of the tube can be pi*e8sed, keeping it in 
a fixed position during the violent agitation necessary in the 
process of absorption. 

The experiment itself is conducted in the following manner: — 
A volume oi the gas to be examined is first collected in the tube 
over mercury, and the usual precautions taken in reading off, 
&c., as in the reduction and measurement of gases. A measured 
volume of writer freed from air is next admitted under the mer- 
cury mto the inhc, wbich is. then screwed tightly against the 
caoutchouc ]:ilatCj and tlic tube thus closed placed in the cyUa- 
der containing some mercury, and over that a quantity ol \vittLr, 
As soon as the pressure within and without has bet n equalised 
by slightly turniug the tube, it is again closed, and the whole 
apparatus rapidly agitated for about a minute. This agitation, 
with opening; and closinir of the tube, is continued many timetj 
until no farther change of volume is perceptible. The observa- 
tions necessary for the measurement and reduction ot the residual 
gas are then made. Besides the temperature / and the baro- 
metric pre^uie four readings from the divided tubti are re- 
quired :— 

1. The lower surface of mercury in the outer cyimder at a. 

2, The upper surface of mercury in the absorption- tube b, 
8. Hie up])er sm-facc of \vater in the absorption- tube at o. 
4. The upper surface of water in the outer cylinder at d» 

The method of calculation will be best explained by an example. 
I select for thin purpose an experiment on the determination of 
the absorption-coefficient of Jiitrogen and water at 19° C. 

Elements of the Calculation, 

11 (^iervatMm b^e the Almrpiwi. 

Leiiver iuriaoeofniereuiyinoutere^linder «a488*6 

Upper aurfree of mercury in tuho4( . . »»1SI4*1 

Barometric pressure jis 746*9 

T( mperature of the abeorptiometer . . i = 19^*2 C. 
Temperature of. the barometer • • . • 19^*0 



* In UmaqiMrimaBt ibMNiiliomelv eonteiBcd otij mmmuf, aad 
nowatM. 
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124 M. ii. Boosea on lik oj Atmrptum of Gmm. 

Lower nnftce of meraurymoiBte 352*2 mm. 

UpperniifiKeofiiimnrymtQbeolabMcpt^ ft|Ss860*7 

Upper nnfree of water m tube • • • . ^es 66*5 
Upper oorfM of water in ooter qrlmder • 8*0 

Bnometrie prenore s746*8 

Temperatoie of ilie abooiptioinetcr • • • I, s 19^-0 G. 

Tempentme of the bolometer .... T|=18^C« 

Reduction of these Elemenis* 

1. Before tke Almrptiom, 

Surface of mereoiy at a=s428-6 

8iirfaoe of mercury at 6=124*1 

Column of mercury in the abeorptkm-tabe • a— 6=299-5 

Ditto reduced to 0® 7r=298*5 

TbebaRmietricpre88are(p80-7469)redQcedtoO'> W|« 744-4 
The preamre of the gas reduced to 0** w,— 7r=445 '9 
TeDunon of vapour of water at 19^*2 to be aabtiacted= 1 6*6 

Freaauie of the dry nitrogen F 3429*3 

The volume of gas corrected from theealibiationl _ oj. 

readoffat 6=1241 at 19°-2C . . * 
Ditto reduced to O^" Vs 82 ^08 

9<» J^tsr likit jAheetrpfw9t» 

Barometric pressure p J =s746'8 reduced to 0® . B=74S S 

Surface of mercur}' at a| = 352'2 

Surface of mercury at 6,=3507 

Column of mercury in tube at 19^ 0 C . c, — 6^= 1*5 

Ditto at 0^ C 1-5 

Lower surface of water in tube at .... 6j = 350*7 
Upper Bui&ce of water in tube at • • . . Ci=: 65*5 
ColumncKf water in the tube • . sB(5|»C|)tt;= 285*2 
Loweraniiiueof water in oater^lindcr « . a|s852*2 
Upperanrlaoeof water in oater^linder • • 8-0 
Colunm of water in the outer cylinder (a, — it^i) Kt9,s844*2 
The colmnn of water (u?,— acting oppoeite to\ _ 

the barometer j 

IKtto reduced to pressure of mereiiry . . . 9=3 4r4 
The pressure redneed to 0^*0 . . . ($— 8,— 9)at748*8 
TensKmafwatoryvapoorat 19^'Otobesiibtraeted s 16*8 
Pressure of the unabeoibed nitrogen . . . Pi 3780*5 
The residual volume of ^ ooirected ikom caliO 17-67 

bration read off at division €|Ss66*6 

Ditto reduced to 0<> V,= 16 522 

The corresponding^ Ttdume to division 619860*7 =200 04 
Volume of absoibrnghqaid A|9l88-87 
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The vahie of the absorption-coefcient, m obtained from these 
elemeuts b^ equation No. 1, is 

~(~ -Y,)=00144a. 

The accuracy of these determinations depends in a great mea- 
sare upon the water employed being perfectly free from !iir. 
Tins 18 best accomplished by boiling the water briskly fur s( \ cral 
hours, and thea oiusing it to pasa while still boilinsr into a bottle, 
the neck of which has been drawn out to a tine point before the 
blo\vpij)L'. The water is then again boiled for half an hour in 
the bottle, and the end of the tube hermetically sealed, access of 
air being prevented durmg the closing by pressing a caoutchouc 
tabe attached to the extremity. When the water thus freed 
from which should strike against the glass like a water* 
hanunerj is reanired tor experimentj the aid of the dnwiMyat 
tabe moiitened with solatioii of oorrosive sttblimate ii broken 
under ]iiercary» and the wmter admitted directly into the abiorp« 
tion^tahe. wfore admitting the water, care mitat be taken that 
no babble of air appears in the bottle^ which woald show iraper* 
feet boiling. The foUowmg coefficients of abscnrption hare been 
thus determined from cdperiments made in mj laboiatofyj chiefly 
by Dr* Panli*. 

1. NUrojfm m Water* 

The gas was prepared by passing dry ammonia and aiTi freed 
from carboni^kcidf over glowing copper turnings* 





fO. 


Coefflcirnt 
found. 


troai teandt 

(19). 


Difference. 


} * 

1 i liWn M ■ 


•t 4-0 

17-7 

mt 


0KH75I 
0-01580 
0*01436 
0H>U9S 


0O1837 
001737 
0-01533 
0H)1430 
0^1384 


-000006 
~ 0-0001 4 
+0-00013 
-0-00006 
-0<HN»6 



By con^nnation oi the eiperiments 1^ 2^ 3 ; 2^ 3^ 4 ; and 
3, 4, 5^ we obtain the tnterpoutioa formnk, 

csO-20346-0 00053887/ +0 00001 1 156/«. • (19) 

By die hdp of this fimnnla the following Table is ca^cnlated^^ 

* Ibis tatented young cheauitt who most tealotuly aaosted me in the 
expmmeiital part of tmi iMmeb, has since, to my deep ftgnX, heea 
leiDOvcd bj death frmii acienoe sad tttm his fiiends. 
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•c. 


CocSdeat. 




|°c. 


OocadcDt. 


DiflSeranoe. 


•c. 


CodBeiait. 




0 
1 
2 
3 
4 
5 
6 


002035 
001!*H1 
0^01 »32 
001884 
001838 
0 01 794 


000054 
0-00049 

000046 


7 

8 

9 

10 
11 


001713 
0-01675 
001fi40 
0016O7 
001877 
001541) 
0 015!?3 


OOoO;59 
0()'J<KJ8 
000035 
000083 
0 00030 
0-00028 
0-00026 


14 
15 
16 
17 
18 
19 


0*01500 
001478 

0-01 158 
0-01441 
0O14f6 

on u 1:5 

0(11 4 u;5 


0-00023 
0H)0022 
0-00020 

0O00I7 

0-0001 :> 

000013 
OOOOlO 

■ 1 1 i 



2. Hydrogen m U ater. 

The gas ww prepared from dilute solpliiirie aeid and pan me. 



Ho. 


•a 




IMffercncc from 

the mean. 


1 


at 4-0 


00185 


-0 omw 


% 


70 


0-0205 


-foooia 


8 


90 


00196 


H-OOOM 


4 


19*8 


0OI86 


-01KK)7 


6 


15-5 


0-0197 


4-00003 


6 


18-8 


0O188 


^0 0005 


7 


sao 


OOIN 


+00001 



From tlieae eiperimenU it ia seen that the mean coefficient of 
abaorption 0*0198 of hydrogen ia conatant for temperatnrea 
fiomtf^to^O^, ' ^ ' 

8. AUhyk Ga$ m Water, 

For thc8C cxpcnmuiits a quantity of the sainc ictliyle gas waa 
employed, which Profesbor i laukkiid picparcd in my laboratoiy 
some years ago, and of which he gave the analysis in hia reaeaitn 
on the aether radicals. 



No. 


•C. 




ciJculatad 

from (90). 




1 


at 5-8 


0 02637 


0-02826 


-l-O-OOll 


S 


87 


0O23i^3 


002428 


-0O035 


a 


140 


ootuw 


001178 


+0O024 


4 


17-2 


002103 


0 02092 


-fOOOll 


5 


21-8 


0-02026 


0-02061 


-0O035 



By combination of the experiments 1, 2, 3; 2, 3^4^ and 
8| 4^ 5j the following interpolation formnla is found, 

e«0*081474-0*0010449/-t-0O00a»6066/*, . (20) 

by means of which the ibiiowing Table ia calculated ; — 
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•c. 






•c. 












A 

u 

1 

S 

a 

4 
6 


(H)3045 
0-02947 
002856 
002770 
002689 
<HM1S 


0<N)lOt 

0-00098 
000091 
0 00086 
0-00061 
000076 

t 


7 
8 
9 
10 
11 
12 
13 


0O2541 

002474 
0-02412 
002355 
002303 
0 02257 
0-02216 


iruvv/ 2 

000067 

000062 

0 00057 ; 

000052 

0-00046 

. OOOOAl 

1 


14 

: 15 

16 
17 

18 

! 10 

20 

• 


001179 

0-02147 
0-02121 
0 02100 
0-02084 
0-02073 
0-02065 


000032 
000026 
00<M>21 
000016 
O-OOOll 
000006 



4. Cmbomc Omde m IVater, 

The gas was prepared by heating sulphuric add with pore 
fonniate of magngaa; treatment wiui a ball of potash showed it 
to be perfectly pore. 



No. 


T. 


Coefficient 
found. 








* at 6-6 

8- 6 

9- 0 

17- 4 

18- 4 
»Q 


0068666 

0-027125 
0-026855 
0023854 
0023147 
0022807 


0068681 

0 027069 
0026857 
0-023642 
0 023414 
0O6S866 


-OO6006S 

+0-000056 
-0000002 
+0000212 
-0-000267 
+0000044 



If the mean value from 1, 2, 3, from 2, 3, 4, 5, and from 
4, 5, 6, be taken for the calculation of the conatantSy we get the 
following formula : — 

eaiO-032874-000081632/+0 000016421/«. . . (21) 
gives for the temperature from 0^ to 2Xf, — 



*€. Coefficient. 



0 

1 

2 
8 
4 
5 
6 



Difference! " C. 



0032874 

0O32074 
0031307 
0-030573 
0-029872 
0O292UU1 
M6686n 



006086o|| 

0 (i(>f)767 
• •000731 i 

o ooo/Ol I 
0O0U636 



7 

8 
9 
10 
11 
12 
18 



Difierence. 



0067664 

0-027394 
0 02685 7 1 
0026353 
0-0-25H82 
0025443: 
0O26037| 



•C. 



0000603 
0-009570 
0000667 

0^)00504 
(HXHM71 
0-000439, 

ooooioe 



14 

15 
16 
17 
18 
19 
20 



Coefficient. 



0864664 

0^024321 
0024017 
0023743 
0023501 
0-023292 
0-0231161 



0000373 
OOOOIHO 
0000007 
0-000274 
0()0(>242 
0-OUU209 
OOOOl 



176 



5. Protocarburetied Hydrogen m Water. 

I have used for this determination a gas, preserved in her« 
metically-closed tubes, which is found in the mud-volcanoes of 
Bnlganack in the Crimea^ where it occurs under similar circum- 
ataoeea as at Baku on the Caspian Sea. This gas was employed 
because it appeared from my researches that it is the purest 
which occurs m nature. By treatment with a potash ball, it was 
freed from a trace of carbonic acid, and it contained, as the fol- 
lowing analjiis shows^neitber mtrogenyOiygeii nor okfiant gas:— 
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VoL 



Original volnrac of gas 

After ftdmi8«ian oi air »•.. 

After •dmission of oxygen 

After the explosion 

After absorption of carbon ic acid. 

After addition of liydrogen 

After the «xploBion 



127-6 
499-0 
537-4 
495-4 
4662 
609-3 
478^8 



4-8 
4*8 
4-8 
4-5 
4-6 
4-3 
4-3 



0-1596 
0-5151 
0-5500 
0-5115 
0-4994 
0 6284 
0-5105 



Vol. at 0* 
and 1 m. 



9001 
2^2 00 

249-29 
228-07 
376-95 



Gas employed . 
Carbonic acid formed 
Contractiou .... 
Oxygen consumed . , 

This gas gave the folluwiug values : — 



Found. 
2001 
20-32 
41-18 

4M8 



Calculated. 
20-46 
20-45 

^10-90 
40-90 



No. 


"C. 


Coeffident 
foaod. 


Coefficient from 
formuU (2$). 


DUbNoes. 


1 


6-2 


OH)4742 


0 04757 


— 0-00015 


2 


94 


0-04451 


0 04430 


-f 0-00021 


3 


12-6 


U04i:^6 


0 04134 


^0 00008 


4 


18-Z 


IKKI586 


0H>3600 


^000014 


5 


US 


<N»121 


0-08100 





The mean from 1, 2, 3, from 2, 3, 4, and from 3, 4, 6, gives 
the interpolation formula, 

c=0-05449 -0-0011807/ + 0-000010278(«, . . . (22) 
from which the following Tabic is calculated :— 



•c. 




0 


005449 


1 


O-05;W2 


2 


0 05217 


3 


0-05104 


4 


(Hum 


5 


<H>4885 


« 


IHM778 



()<)0ii7 
0 00115 
000113 
000111 
OfM>108 
0-00107 





CocMdait. 




•c. 


rpfilHenf 




7 
8 
9 
10 
11 
12 
13 


0-04674 
001571 
004470 
0 04372 
0 04275 
0-04180 
<MM086 


0H)0104 
0-OOlOS 

000101 
000098 
0-00097 
0-00005 
000002 


14 
15 
16 
17 
18 
19 
20 


0 0390U 
0-03823 
003739 
0 03057 
0-03577 

omo9 


000091 
01)0088 

000086 
0 00084 
000082 
000080 



6. Methyle Oat in Water, 

For this experiment, a specimen of iiiLthylc gaa, sealed up m 
a p;las8 tube, was used, which Professor Frankland prepared from 
iodide ot methyle, and analysed some years ago at Marburg:— 





•C. 


Coefficient 

found. 


Coeffinfnt fmm 

ffiriiial n J, . 


1 


4-6 


0 072S84 


0 0 7. '5 (184 


2 


7-8 


0004732 


00t>4839 


8 


12-1 


01)58788 


OIkSOTOS 


4 


15-2 


0-050722 


0 050500 


5 


19-8 


0045715 


0 044915 


6 


24-2 


O-i>40bl7 


0041960 



— 0 000-200 
-O-O0O1O7 
+0-000085 
+0-0<i0252 
4.O-OOO8OO 
101101148 
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If ihe arithmetical mean from 1, 2, 3, 4, from 3, 4, 5, and 
4y 5, 6^ are used for the conditional equations for the interpola* 
tion fonnulay. we obtain^ 

080*0871 -.0*0033242 / +0-0000603 (23) 

and from this the coefficients between the temperatures of 0^ 
and 20 are,— 



•c. 






»c. 






7 
8 
9 
10 
11 
12 


0 0668 
0-0644 

ooni 

0-0599 
0-0578 
0-0550 
OHIMl 


0H)025 
00024 
0002a 
0-0022 
0 0021 
0 0019 
0^18 


14 
15 
16 
17 
18 
19 
20 


0 05-24 
0-0508 

iHtm 

00480 
0 0468 
0-0457 
0^7 


0-0017 
0^16 
00015 
0-0013 
0^12 
0 0011 
0-0010 



•c. 




0 


0-0671 


1 


0-0688 


2 


0-0807 


3 


0-0777 


4 


0H>748 


5 


00720 


6 


0-0603 



0-0033 

OHH>ai 

OMO 

0 0029 
0-0028 
iHm7 



7. Olefiant Gat m Water. 

The gas was prepared with the well-kuowu precaiitAons from 
alcohol aiul sulphuric acid. To free it from the ^ ;q)ours of jether 
aiid alcohol, and from traces of other hydrocarbons polymeric 
with elayle, a ball of coke, saturated witli concentrated but not 
fuming sulphuric acid, was placed in the gas until nearly the 
half of it was absorbed ; a bdl of potash was afterwards intro- 
duced, and left in contact with the gas for some time. Eudio- 
analjrni proved the purity d{ the gaa 



Ko. 


°c. 


Co<^fncLi-nt 

fouod. 


fiirfTiricnt from 
foimula (34). 




1 


4-6 


0-21870 


021824 


+0 00046 


2 




0*18398 


0*18592 


-0-00194 


3 


U'O 


0-16673 


0^16525 


+000148 


4 


180 


01 5324 


01 52 73 


+000046 


5 


20-6 


0-14597 


0-14791 


-0 00194 



The interpolation formula is obtained from combination of 
1, 2, 3 and 2, 3, 4 and 3, i, 5, 

esO'25629-0 00913631 ^+0 000188108/^ ... (24) 
and hence the coefficients between OF and 20*^ 





CocUdflDt. 


0 


0-25r>3 


1 


0-2473 


2 


0-2388 


3 


04S06 


4 


0-2227 


5 


0 2153 


6 


0-^082 



DiSbtciigc* 


»c. 


Cortlcicnt. 


0-0090 


7 


0-2018 


0<N)W 


8 


0-im 


0HK)82 


9 


01893 


0-0079 


f 10 


0 1837 


00074 


11 


01786 


^Wl 


12 


01 737 




13 


0-1693 



C. Coefficient. Pifliwcnce* 



00064 
00066 
0-0059 

ooose 

0 0051 

0-O4U1I 

OUU44 



14 
15 
16 
17 
18 
19 
20 



0-1652 
0-16I5 
0-1583 
0 1553 
0 1528 
01506 
01488 



00041 

0(Mt;57 

ooo;j2 

0*0030 

0 (H)25 
00022 
00018 
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K 
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8. Oarhonh Aeid in Water. 

This eras was prc|)arcd by the action of strong sulphuric acid 
upon cliulk, a few drops of water beiiijr added to the mixture. 
The gas, thus steadily evolving, was washed by being passed 
through boiled water. The experiment ga?e^— - 



No. 



1 
2 
3 
4 

5 
6 



Coefficient 



4-4 
8-4 
13-8 
16*6 

TOl 
22-4 



1*4998 
1-2426 
1-0654 
0-9099 

OS 1)0.1 
0 8U42 



Coefficient from 



IHtfereaee. 



1*4584 
1-2607 
1-0385 
(MMIIO 

0^25 



-f 0 0114 
-0-0181 
+0-0269 
44MMMt 

-0()171 
— 0-0183 



The three conditional equations from the mean 1 , 2, 3, 4 and 
2, 3, 4 and 3, 4, 5, 6, give the interpuktion formula, 

c=l-79G7-007761/+0-0016424/«, (26) 

and itom this the following coefficients are found • 



•c. 


OocficifBnt. 


DifferenoCi 




uocniciciic* 


Difference. 


°c 






0 

1 

2 

3 
4 
5 
6 


1-7967 
1-7207 
1 6481 
1-5787 
1-5126 
1-4497 
ld901 


0 0760 
00726 
00694 
0*0661 
<HH»» 


7 
8 
9 
10 
11 
12 
13 


1-3339 
1-2809 
1-2311 
11847 
M4I« 
1-1018 
1 0653 


00562 
00530 
0 0498 
0 0464 
0-0431 
00398 
0-08(» 


14 
15 
16 
17 
18 
19 
20 


1 0321 
1 0020 
09753 
09519 
(►•018 
0-9150 
0-9014 


0-0301 
0-0267 
0-0234 
00201 

00168 

0 0136 

i 



[To be t'outiuued.] 



XVI. On the Beeeniricity of the Moen*$ Orhit. 
By Professor Cballis*. 

IT is a satislactory result of the discussion relating to the 
moon's orbit which has recently appeared in this Magazine^ 
that it has drawn attention to the general question of apaidal 
motion, which is one that is hy no means ^austed. In the 
Numher for last January, Mr. Thaeker has solved a problem of 
this dass by a method which shows the advantage cf employing 
for the purpose the first integrals of the differential equations H 
the motion. I have used an analogous method to determine 
the motion of the apses of the moon's orbit. In the problem 
above mentioned, the foroe is supposed to be wholly oentral, and 

to be expitissed by the function ^ + i^'r, and the aulutwn leads 

* ComiDuiiieated the Avthor. 
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to the rcmiurkable result, that the motion of the apses is uniform 
wluitever be the eccentncity of the orbit. I have no grounds for 
concluding that the author is of opuaou that any argument can 
be deduced from this resnlt against the theorem 1 have advanced 
respecting the moon's orbit, viz. that the uniformity of the pro* 
^resflion of the lunar apses depends on a certain value of th^^ 
eooentricity ; but as such an argument appears primd facii1»\i^ 
dedndble, I hwft undertaken to show tliat this is not reaUy the 
cue. For this purpose I propose to soIto the problem by it 
method somewhat d^erent from that employed by Mr. Thacker. 

The force is wholly central, and equal to ^^/aV, the second 

term is simposed to he always smaiH eompaied to the other^, and 
only the fint power of /i^ is retained. From the nsual differ- 
ential equations of the motion, vis. 

Diay be derived, after substitttting reo%6 (qv sp, and r sin $ for y, 
the foUowmg : 

^-.f (1) 



jr-iI + ^-M'r=0. (3) 

Multiplying (3) by 2dr and integrating^ 

Hence^ eliminating dt by (2), we hare 

As the integral of this eqntftion can only be obtsined approxi- 
mately, and the i^pnndmation is to proceed according to the 
powers of jiS, we get by expanding to the first power of this 
qnantity, 

hdr ijJh f^dr 

Hub equation being int^filed by the nsnal roles, gives 
^4>vsB eos * — ■ + , --eos^ — — 

jJh_ { r« , 2(A«C-3/i«)(A^-/ir) 3/iV(>^-Cr) ^ 

K2 
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where R is pat for —Cr^+2fir—hK Let and Iw 
apsidal distances whieh satisfy tbe equation 

-Ci*+2A»r-A«+A*'f^«0 (A) 

Since tlic square of /a' is not retained, it will suffice to employ 
in those terms of the foregomg equation which involve fJ, the 
values of a and e given by the solution of the approzimile equa- 
tionj^Cr' + 2/ir— A*sO,that is^ to mippo$e the ajiprommatitm 
to €onmmnce from a fixed eU^^. Consequently^ 

a I 

and 

cos** ■ r ^ = cos-* • 

Lei this aic as ^. Then the ahove equation between r and 
giyes to the same appnudmation^ 

AV r 2(A^C-3At^)(A^-/ir) 3/iV(/i~Cr )l 

Now sinoe rs= W cos ^) nearly^ it foUowa that 

2/tfr— ^ ^g*^ - sin' ^. 

After substituting this vahie of r^, the equation may be arranged 
as follows : 

AV . sin«A 

The values of the arbitrary constants and derived in 
terms of the constants a and e from the apsidal equation (A), are 

It these be substituted in the foregomg equation, the result to 
the same approximation \s, 
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Liet 

wo that 

nn ^ sin 



coe 



^ being supposed to commence with and ^. 

It is not necfssary for my purpose to pursue the reasoning 
further. The equation last obtained, which is identical with the 
princiuai result of Mr. Thacker's sohition, sufficiently proves 
that the two methods aic tlic same in principle, and lead to the 
same inferences respecting the motion of the uj^ses. It is, how- 
ever, important to remark, that my method shows clearly that 
the analytical reasoning may legitimately oommence from a fixed 
ellipse. Let us now consider the bearing this inference has on 
the lunar theory. 

It 18 well known that in the Innary theory the analysis fails to 
ffire ti^e tme develo])ment of the moon's radiua-vector and tme 
longitude, if Uie approximation commences from a filed ellipse. 
Wlut ia Uie reason that the process fails in this instance, while it 
anceseds in that just considmd ? I reply^ that the different oon- 
ditions of the lunar problem entirely account for this difference. 
In the first place, the force in the lunar theory is not wholly central, 
and the equation (C) is consequently only approximate. Next, 
there is introduced into the lunar theory a limitation, according 
to which the moon's true longitude and radiuB-?ector can never 
differ much from mean values*. In consequence of this limi- 
tation, which is essential to the subsequent treatment of the 
problem, the eccentricity of the moon's orbit is always small. 
Lastly, in the lunar theory it is necessary to conduct the ap- 
proximation, not only according to the disturbinfr force, but ac- 
cording to the eccentricity also. The failure juat spoken of 

* In Mr. Airy's Luuar Tbeeiy (Mathematical Tracts, 3rU edition) this 
fimilatioii is introdneed wh«re it it said, in page 29, that "for 9 we shall 
pot the value which it wo«dd have if the notions of the nm and moon were 
Ci— ^* — « 
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proves that^ under Ihcse circuLuatauceii, it uj not legitimate to 
commence from a iked ellipse. 

But from independeiit analytical principles (as illustrated in 
the case already eoiiaidered)^, it is certain thati under any 
ciicamBtancea, it would be legitimate to oommence firom a fixed 
ellipse^ if the aggregate of the terms A^— Sjp* + Cr* he of a higher 
order of magnitude, estimated according to the disturbing forcCi 
^hwa^the term -r>/i'f^. It is dear that they cannot be of a lowef 

It follows, therefor^ inevitablv, that the aggregate of the terms 
A*— 2/0*+ Cf* is of the 99me order of magnitude with respect to 
the disturbing force as the term ^ftff^; in other words, thatike^ 
eaiUam the duturbmg force as a factor. It is not difficult to 
point out the origin of this analvtical circumstance. The inte- 
gration by which the constant Uis introduced (see Phil. Mag. 
tot April 1854, p. 4^7^^}, may be effected by assuming only Uwt 
the increment in a given time of the sun^s true longitude it small 
compared to thnt of the moon's. The remarkable integral I hav^ 
obtained in the Supplement to the Philosophieal Magazine for 
December 1854 (p. 521), shows that even that assumption is not 
necessary for effecting an integration. The limitation that the 
moon's; true lon^^itiide differs httlc from a mean vnhic, is made 
subset/}/ en f/ij to that integration. Hence the constant C possesses 
great ( r u't ru rality than comports with the conditions of the pro- 
blem^ and must itsdt Ix subject to s nne Hmitation. Clearly, 
therefore, the reasoning will be eoinpletc if, by means of the 
constant C, the condition that h'^ — 2fjLr + Cr^ contains the di- • 
sturbing force as a factor can be fulfilled. But this may be 
readily done as follows. 

httkH}mfk^,taidrm^'i'Jv. Then 

Hence the required condition is satisfied if A*C = the unknown 
quantity / being determined by the equation 

This point being settled, it remains to indicate the process of 
approximation that n^ust be adopted. Rei^uming the equation 

!^*=-At4.2;.r-Cr«+/*'f^, . . . (C) 

it is evident, sinoe->A*+2^-*Cr* contains m*' as a faetori that 
the approsimatioii mast proceed according to the eeoHitricily, 
and not according to the disturbing force. For the smm fsaseni 
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the eqqitm which gives the apsidal distances must be solved as 
a biqnadratiey the term fift^ being of equal stgnificance with the 
otiieni. Sineey therefoie> from the foregoing reasoning, it 

appears that r is ueariy equal to and the apsidal distances by 
bypothesiB differ little from eaeh other, it follows from the theory 
of equations, that to obtain their approximate values^ S G'^c) 
it to be snbstitated for r in the last term of the equation 

and then, after expanding to the second power of r — ^, the equa- 
tion is to be solved as a quadratic. The same process of substi- 
tution must for the same reason be gone through to prepare the 
eqn;ition (O for approxirante integration. T need not pursue 
the invest iL'at ion further, as the results of the subsequent steps 
arc given m the Philosophical Magazim^ for April 1854, p. 279, 
and in the Supplcuieut to the Philosopliical Magasiuo for De- 
cember 1854, p. 526. "By far the mo^t iTn])ortant rfsult is, that 
the eccentricity of the moon's orbit has a special value depending 
on the disturbing force. 

The foliowmg considerations appear to lue proper for pnn lug 
that, whatever be the law of the disturbing force, and vvIicLIk r it 
be cent rid or not, the motion of the apse is uniform if the ecceii- 
tricity be a function of the disturbing force. Let the undisturbed 
orbit be an eUipse described about the focus, and let the three 
bodies be always in a given plane, the central body having a fixed 
poflitton. A atraight line beins; drawn from the centre of the 
fixed body in any direction in the plane of motion^ the radius- 
vector of tiie diaturbed body at ^e instants it passes this line 
has difierent values in suecessive revolutions. The change of 
value in each complete revolution depends on the disturbing 
Ibroe, in such a manner, that the function which it is expiessed 
would vanish if the disturbing force vanished. The total flue- 
tnntions, in the case of a uniform apsidal motion, are the same 
in all directions ; and the difTerenee between the extreme values 
of the 1 adius- vector in any given direction depends both on the 
partial fluctuations, and on the rate of the angular motion of the 
apses. Hence as the partial fluctuations, as well as the motion 
of the apses, would vanish with the disturbing force, it foUowa 
that the difference between the extreme values, and consequently 
the eccentricity of an orbit nearly circular, is a function of the 
disturbing force. 

I adduced an argument similar to the above m the Philoso- 
phical Magaaine for April 1864 (p. 282), which I subsequently 
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rejected (Phil. Mag. for Augnat 1854, p. 108), because it ap- 
peared to lead to the inference that the eccentricity ia aimply 
proportional to the diaturbing force. But by taking aooouiit^aa 

is done above, of the rate of angular motion of the apse, diia 
inference by no means follows, and the eccentricity is still a 
function of the disturbing force, although the form of it may be 
discoverable only by analytical investigation. 

It is particularly to be remarked, that the above general rea- 
soning only proves that, whatever be the law of the disturbing 
force, and whether it br central or not, for a certain value of the 
eccentricity the motion of the apse will be uniform. But it does 
not prove, tliat, under particular rotulitions, for instance, nvIh u 
the disturbing force is wholly central, and the Irw of it is given, 
uniform motion of the apse may not bt con si stmt with any value 
ot the eccentricity. In a similar niann( r, the general theorem, 
that every mass, whRtever be its iorm, has three axes of pcrma* 
nent rotation, ]s not invalidated by finding that masses of par- 
ticular forms have an unlimited number of axes of permanent 

rotation* Hence the fact, that when the central force k ~ + 

the motion of the apse is uniform whatever be the eccentricity, 
is no arg:ument against the general proposition, unless it should 
appear that in this iustance the eccentricity can under no cir- 
cumstances be a function of the disturbing force. This, how- 
ever, is not the case ; for the equation which gives the apsidal 
distances for that law of force is 

from which it fi>Uows that 

and consequently that e is a function of fi' if hH^=fi^. 

I think that I have npw eatahlished the truth, in all essential 
particulars, of the new views respecting thr moon's orbit, which 
were first pubhshed in the Philosophical Magaaine for April 
1854 ; and that I have pointed out a step towards a great sim- 
plification of the lunar theory. I have not yet hadtimetoeanry 
the method through the third approiiniation, 

Ganbildge Observatoiy, 
Jaanaiy 11, 1865. 

P.S. Ill the reasoning of the torcLcoinp; article it has been 
assnnied, .u accordance with the view generally taken by niatbe- 
nratit laiis, tliRt analysis fails to give the true developments of 
the moon's radius-vector and longitude when the approximation 
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commences from a fixed dlipie. Since the article waa written^ 
I faa^e aacertained that no failare occurs on that aecemt m the 
approximationB to the first and second orders of smsU quantities^ 
the results being so ht the samCi whether the approximation 
commences from a fixed ellipse, or is conducted by the process 

which I have showu to be necessary if ^ contam the distorbmg 

ibroe as a factor. This statement may be verified as follows. 

Let the force be wholly ceutrai, and equal to u being 

the reciprocal of the radius^Tector. Also let fi^ be a small quan- 
tity whose powers above the first are neglected^ and the orbit be 
nearly circnlar. By a known equation, we have 

Omitting the small term, let the result of the integration be 

a(l — 1 + « cos ^. 

Sabstituting this value of y in the small term, eipanding, and 
omitting powers of e above the first, 

or, putting for shortness' sake w for ii— ^ + 

Kow if this eqnaition be mtesrited by the ovdmavy method 
qi^lieable to exact efpiatiotts, Sie integral will contam a term 
wmeh may increase indefinitely with tine time, just as in die 
hmar tliecwy. Bot no such result ^ows if the two integratioos 
be performed in succeasion, and regard be had to the roles of 
iliproximation. After multiplying the equation by Mv, and 
putting for inff on the right-hand side, ita approxmiate value 

. 1 sin ^ li^, we get by integration, 

^^tt^^sC ^--p— sin^^. 

Hence, since approximately, 

de VG^^'-'iio and C sin^sC-tp^, 
itfoUows that 
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But A^ss/M and Cs-^ nearly. Therefore, by integrationi 

which is the true approximation. As both approximations com- 
menced from a Hxed eUipse, it thus appt sirs that the fiiihirr of 
the first is wholly due to the mode of inteyraiwn. The occurrence 
of a like failure iu the lunar theory is to . be explained in the 
same manner. 

This reasoning shows that the truth of my theorem respectudg 
the eccentricity of the moon's orbit will be tested only by pro- 
ceeding to the third approximation, which takes account of the 
effect of the tangential force on the niotion of the apses. 

Caintiriilirc Observatory, 

Jauuai) 2'2, 1S55. 



XVIL On the Adjustment of Cfffttak for Measurement with the 
BeflietPfe Gmuoauter. % W. U. M* 

THE Philosophical Maji^azinc for December last contains a 
description of a contrivance for adiusting a crystal for 
measurement on Wollaston's goniometer. Any observer who has 
taken the trouble to read the very dear directions for using the 
reflective goniometer, given more than thirty years ago b^ the late 
W. Phillips in his 'Mineralog^^/ and by Mr. Brooke in his treatiMS 
on Crystallography, will find in this instrument, as usually con- 
structed, ample provision for making the intersection of any two 
facM parallel to the axis o£ the graduated circle.* Tbe descrip. 
tions of the use of this instrument, to which idmoce has beea 
made» are aooompanicd by figures. In these figures it will be 
aoen that the pin which carries the ; late to which the crystal ia 
eemented, is represented in a position nearly parallel to the ip^aae 
of the graduated eirde. In this position, the rotation of the pin 
round its own axis, and the anguiar motion of that part of the 
branch into which the pin is inserted, are sufficient and nex^es- 
sarv for thf adin^itnient of the ervstal. But when the branch is 
turned so that tli(~ ;i\is of the ]nn rniiirides with that of the g^ra- 
duated circle, as represented in tiie tifjure in the Philosophical 
Magazine, that part of the power of adjustiniz; the crj^stal which 
depends upon the rotation of the pin rouiul its own axis is en- 
tirely lost. In addition to this inconvenience, the branch inter- 
cepts the vision of one of the s!g7iaL«», and thus renders an ubser- 
vation impossible, through no less than about 75^^ out of 360*^. 
When the instrument is ptupcrly handled, the vision of the sig- 
nals is uninterrupted through an entire revolution of the circle. 
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XVIII, Oh Gdwmic Circuits in which Ferchloride of Inn enUr$ 
Of m^Ekmmi* By Professor BvnK 

SOLUTION of perchloride of Inm lia% tt Ibr a« I know, not 
hitherto been used at a Uqnid eondaetor in the formation 
of galnmie cireoits. The facility with whieh'thit body forthera 
the ondation of hydrogen and the eleotro- positive metals, com- 
bined with the possibiUty of producing it at a cheap rate, led to 
the sQpposition that it might be jfxj advantageously used aa an 
element in a constant deetric cireut. Ooeasional obaervationa 
which liiebig had hiade appeared to confirm this snppoaitionj 
and gave rise to the followmg investigation of the subject. 

The first experiments, made with a very pnre, almoEit neutral 
pcrdiloride oi iron, did not answer the expectations formed. 
An ordinary charcoal sine pair was used, in which nitric add 
was replaced by solution of perchloride of irf^n of syrupy eonuat* 
ence. To measure the current, a tangent galvanometer was ero« 
ployed, the simple n?iir of which was 200 niillims. in diameter. 
A stream rti^iilator was in-^erted in order to obtain cinrents of 
different intensities. It was found tliat even the weakest, which 
only just {ii'oduced an action on thf needle, showed nu constancy. 
At t\\i' sanie time the charcoal was covered with metallic iron 
mixed with oxide of iron. 

Metallic iron dipped m solution of perchloride changes it, as 
is well known, into protochloride, bciner at the rrthp time dis- 
solved. This occurred with the iron deposited on the charcoal 
when allowed to stand some time m the solution. During the 
progress of the electric decomposition the time was too shoi-t for 
this; the chamal polarised itself with the iron, and no constant 
ewrent oonld reanlt. 

Tf hen the neatial^ aatwated idntion of perchloride waa de* 
oompoaed hetw e e n platuram poke, eUorine was reoeived at the 
poritive pok. At the native pole iron waa dcpoeited in nrinnte, 
hard| cryatalline lamin»> accompanied bv % very scanty evolntion 
of hydrogen. With platinum poles of greater dimenaionsj the 
hydrogen disappeared* A small addition of hydrochloric acid 
to the solution prevented the deposition of the iron peifectlyy 
even with a current of considerable strength. Hydrogen was 
only percq»tible v. hen the negative pole had a comparatively 
amali aaifiioe. On the other hand, the evolution of hydrogen 
increased as soon as the solution was much diluted with water. 

The perchloride, in a concentrated solution containing hydro- 
chloric acid, does not appear to he eleetrolvzed. Its presence 
«eenis to serve only to eonvev tVesh chlorine lo tlic hydrogen 
separated from the hydrochloric acid. As long as this oocura 
* Ftam the Jbmv Am dtt Gkmie mud FkamaeU, toL seiL p. 117. ' 
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with saffideiii rapidity^ no hydrogen is vimhU, and the negitiTe 
polar BOifaee is not polarised. 

Supported by these experiments, from four to five per cent, of 
bydrochloric acid was added to the percfaloride of iron^ andtlieeiv* 
euit established as before. A small quantityonl) of HClisrequired, 
as it is always renewed during the progress of the experiment. 

The circuit thus composed showed a satisfactory constancy as 
long as the deviation did not exceed 14^. Currents of 18° 
showed, a short time after the circuit had been closed, a slight 
decrease. The inconstancy of the current increased slowly but 
gradually with a deviation of 30° or 40*^. The time was mani- 
festly too short to allow the hydrosreTi separated on the charcoal 
to be changed agam into liydrochlonc acid; for when the circuit 
was fi[)ened a short time, the original strength of the current 
was regularly established. The deviation of 14*^ remained un- 
changed even when the circuit wag kept closed loii^^t r tliau two 
hours. A current which deviated tiie needle 45° would, accord- 
ing to experiment, have separated in 31 seconds 1 millegranime 
of hydrogjen. By a deviation of 14^ the siiiiie quantity requires 
accordingly 121 seconds. The constancy of this electromotive 
couple extends therefore only to those currents whose chemically 
decomposing power does not exceed 1 miUegramme hydrogen in 
1S4 seconds. 

Manifestly this only holds good for an element of the dimen- 
sions employed. Thejr wore tibe ttsnal ones ; a chareoal cylinder 
of 5*7 centimetres interior width by 18*5 centimetres high^ of 
which, however, only 8*6 centinietrcs were in oontaet with the 
aolation; the zinc cylinder, 9 centimetres high and 4 centi- 
metres wide, dipped in sulphuric acid of 1*25 spec, grav., eon* 
tained in a porous cell which ahnost filled the cylindrical exca* 
valion of the charcoal. Of course with a greater extent of the 
electromotor, particularly when a greater surface of the ehsieoai 
was placed in contact with the liqmd, constant streams of greater 
strength would be obtained. 

A still more favourable result presented itself when the sul- 
phuric acid in the porous cell was changed for a concentrated 
solution of coDiinou salt. 

The constancy extended now to a deviation of 22^ (one niille- 
granime of hydro^^en in 77 seconds), and the retrograde motion of 
the needle by hiirher deviations was smaller than in the preceding 
case. There was, further, neither depobition ot" iron, nor evolu- 
tion of gas at the charcoal cylinder ; not even when the circuit 
was directly closed by a short, thick, copper wire. A fine pla- 
tinum wire was kept ui a atate of incandescence. 

Compared with other galvanic elements, the perchloride of 
iron element, as far as power and constancy is concerned, is 
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inferior to Bansen's^ but soperior to Darnell's. Without re- 
placing the former^ it may be piefmed in many cases to the 
latter. A Daniell'a battery of equal surfim did not ahow an 
eqnal constani^ above a deviation of 12°. 

In the latter^ % gradual intermixture of the liquids by endos- 
mose bccurred more rapidly, and was attended with greater dis- 
advantages than with the perchioride of iron circuit. For in 
the sulphate of copper circuit, the zinc covers itself by degrees 
with copper, and loses thrrrby a ])art of its excitiner force ; while 
the perchioride of ii'on which gradually ])cnctrates into the porous 
cell, although it assists to dissolve some of tliu 7.1110, jiroduccsno 
precipitate of iron on the surface of the zinc cylinder^ and con- 
sequently leaves its activity unchansred. 

in order to measure the force of the chloride of iron circuit, 
I employed a method which is of easy execution, without being 
on that account less accurate. It is founded on the proposition 
which directly follows from Ohm's law, that " when, in electric 
circuits which arc subject to one and the same very prcat resist- 
ance^ alterations in this resistance occur, of such siijaUnc6s that 
they exert no perceptible influence on the strength of the cur- 
lent^ then the strengths of these varionscomnts is directly pro- 
portional to the eleetiomotive foice irfuch produces them.^ 

In the JmuUen ier Chenm uni Pkermaeie, vol. Imvi. p. 1^ I 
described a tangent galmiometer with a long multiplication ooil^ 
the fine copper wire of which offers a resistance to conduction, 
wbidi is measnied by a German sUyer wiie, 28,000 metres long 
by 1*5 milUm. thick. With this resistance, of itself very great^ 
others were combined, by rolling on long and thin wiresy which 
amounted to 2*9 to 3*1 times as mncb. Against this amount 
of resistance, that of a constant element of ordinary siie mani- 
festly yanishes, for this is seldom greater than one or two metres 
German silver wire. If, then, various constant elements, all of 
inconsiderable resistance, are closed with that long wire, and the 
multiplication coil united with it, we may assume that their elec- 
tromotive forces are as the strengths of the cun'cnts which set 
them in motion, and by which the needle of the tangent galvano- 
meter IS deviated. 

It is stated in the paper above referred to, under what con- 
ditions and with. a what limits the tangents may be taken as a 
sati^^factory expression of the strength of the current. The 
numbers are, however, only then sufficieutly accurate to be com- 
pared, when they relate to observations made simultaneously, or, 
at least, almost so. For tlie intensity of the force by which the 
deviated galvanometer needk' is recalled to its position of rest is 
subject to certain fluctuations, whose disturbing influence often 
exceeds the limits of the accuracy to be obtained by this kind of 



140 PmF* Buff oil OnkHttiic (Xtdidii* 

measuremeTit. These fluctuations appear only in a smaller 
depree to be dependent on the chnnges of the earth's magnetism, 
or on the changeable plasticity ot the thread by which the needle 
hanoT!^ ; in a ^tc ;iter measure, on the contrary, on such masrnetic 
artioits as avr lu ither to be avoided, nor entirely governed, in a 
building nut ( .\})re!^«'1y erected for magnetic observations. I iiave 
avoided, I think, all such disturbances, by referring all measure- 
ments of electromotive force to the force of a constant element of 
particular construction, which, as 1 have .slunvn (Liebig^s Annaien, 
vol. Ixxxv. p. I )f maintains, for months, au absulute constancy. 
In order to show the use of this proceeding, I add some experi- 
ments which were made on four cousecutive days in the month 
of February 1859^ with thtf view of oompfunng the fooe of Bua- 
aen'e charcoal aino dement with Ihoae of the befove-meiitioiied 
eonatant element. 

He aetiona of a aiiUMdiattoal ekment on the needle ave 
marked with 0, thoae of the eonatant ekmenty whoae fbfee 
Served aa onitr of measnxcment, with a, Eaeh value of « and 
ii the mean of two deviations canaed by the same enrrenti the 
one eaat, and the other weat of aero. The numbers standiqg in 
the same horizontal line relate to obiervataona which were made 
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Tile charooal cylinder in theae four experiments was alwava 
tlic same, but the apparatus was put together each time afresh. 
The force remained, aa is seen, unaltered. From the direct 
results of the deviations, small fluctuations might have been cal- 
culated upon. These fluctuations affected, however, the two 
constant pairs equaUy, and depended oonaequently on extema) 
influences. 

In the same manner we obtained for a DanielFs pair, — 

m. m. fi. P>i!2&S} 

40O.Q 490.7 4^.25 1-0^1* 

and lor another element, when the amount of resistance in the 
long wire was changed, — 

50°1 50P-975 50°1 10316. 
The investigation of the pereUoridepair (slight addition of HC^ 
sntiLao^uiie acid in the porcelain cell) kd to theae leanltas-r 
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^. F* 

1.. 56*1 5d'd 50-1 1*8688 
2. 80*8 58*5 50*85 1*8586 

When more hydro{;hloiic acid was added to the solution of 
perchloride ol uou^ tlie electromotive force of the eiemeut sunk to 

F = 1-3250. 

Finally, with pcrchloridc ofironand a little hydrochloric acidj 
and Bolation of salt in the poroua cell, we ohtained," 

F=l-8908. 

This constant galvanic apparatus stands thuci almost exactly 
in the middle between the constant charcoal element and the 
conatant copper element. Before the latter, it haa the prefer- 



it haa the advantage that it may he uaed in confined apartmanta 
without evolving injuriona vapom. 



XIX. On the new Hygrometer or Dew-point Instrument By 
A. Cornell, F.R,S,B,, Profentor of Chemistry tn the Umver* 
eUy of 8t, Andrem, 

To the Editors of the Philosophical Magazine and Journal, 

Gentlemen, St. Andrews, Nov. 1854. 

IEFG to rcqut^'st that you will do me the favour of giving 
insertion in your Journal to the fo]h)\ving obscrvatious of 
Dr. Buist of Bomuay, coutaiued in a letter which he wan so good 
as to address tu inr^ after making use, ou his voyajre to India, of 
tbii h\ ,2:ronietfr dfscnbed by me in your Nuinbrr tor last August. 
Dr. Jiui^t IS weii known as a distinguished meteorologist, both 
theoretically and practically, and prisided over the Meteorolo- 
gical Observatoi v at Bombay for a considerable tinu', and in that 
capacity pviljlishid iiiLiny highly valuable reports un tliii -cicnce. 
I may Lhcrcioic well coiiaidcr any opinion of his in regard lu a 
meteorological inatrument as possessing peculiar value. Un- 
luckily his hand- writing is occasionally so . indistinct and so full 
of oontiaetionsy that the taak of reading hia letters, hoiwever 
mteKsiing thev may be in theb detail^ ia frequently a very dif- 
ficult one; ana on the present oesasion I have fonnd it to be 
inipoasible to make out many portions of hia letter, and an 
individual here accustomed to nis hand was equaUy unsuceessfuL 
What, however, I have quoted below haa been cUstinctly made out ; 
and it is (juite sufficient to establish two points; /rsf^that Dr.Buist 
found thia hygrometer fully to answer its purpose as a dew-point 
instrument; and Meom%, that he prefers it to the eHeguit hy- 
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grometer of the late Professor Danielli partly on the groand of 
its less liability to accident. The other grounds I have not been 
able to make out. The peasaget distinctly made out are as 
follows 

" Malta, July V), 1S5-1. 

** I have been using it (the hygrometer) on board and 

found it to answer beautifully, till i broke the thermometer the day 

before ye&tcrduy by the slightest possible slip oi the &Qgcr 

The superiority of your iostrumenrover DaoieU's is, that you can 
make the 

Tliena. W^balb. Dew-point. Buom. 

13th July* Gihialtar. Noon . 70 65*9 60 SO- 164 

8p.if. 72 68 

13 77 72 68 

14 .. 76 72 69 

I hate no hesitation in pronouncing your instmmont as snperior to 
that of DanicU, inaamnch aa it ia atnmger and leaa liable to aoeideat, 

while it admits of a thermometer of 

If yours can be constructed as cheap aa DanieU's, there tan be no 
doubt of its preferability. 

" Ever yours, most truly, 

" Geo. Buist." 

In one part of the letter which I could not fully decipher. 
Dr. Buiat appears to make aome suggestions for atiengtheoing 

the thermometer against the risk of accident in travelling, as he 
mentions that it had been broken in a short journey in the 
neighbourhood of London, although subsequently repaired. It 
appears to me, however, that there must have been either some 

defect in the packing' of the thermometer in the case which Dr. 
Buist had obtained, or that it had been ncci dentally cxiiospd to 
some unusual \ iolencp ; the result of my own experience being, 
that it is in all res{)crts quite strong enon irh to stand all the 
ordinaiy concussion of travelling. I carried several of the instru- 
ments, with their thermometers, during last suiamer from this 
place to London, and afterwards to Hastings and back again here, 
a distanee in all of more than 1(X)0 miles, without any thermo- 
meter or any part uf the instruments being broken ; and during 
the whole journey they were simply })Iaced in their proper ca^cs 
in my portmanteau, and underwent the usual not very gentle 
handling of the railway officials. I have also made repeated 
innoeuoua journeys between this and Edinburgh with the in- 
•tmment. 

It may, however, be a very proper precaution for anyone going 
to a distance from a town where good instrument makers are 
to be found, to cany with him one or more spare thermometera 
duly packed in tiieir proper caaea. One or two apare ivory 
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eoQan migbt alio be mefiil in case of aiseidental fndtiue of tbat 
pari of the instnuneDt. 

H an accident happens to DanielTs inBtrument^ the injury ia 
irreparable; but if a thermometer or collar happens to g;ive way 
in the hygrometer under consideration, the damage ia easily set 
right at a trifling expense. The same brass stopper will alwaya 
answer again. 

I ought to have mcntinnrfl fonnrrly, that a little key of brass, 
to be fitted^ when required, into the ivory collar at O, is employed 
in screwing aud unscrewing the ivory collar ; and that the other 
extremity of this key may be inserted with advantage into the 
neck of the little brass bottle, to aid in the same operations 
r^arding the bottle. 

In cold and dry weather in winter it is very essential that the 
ssther should be the very best commercial tether, and probably 
fresh lether used for each observation. In summer, the superior 
excellence of the ailher is by no means so important ; and the 
used aether of winter might be kept in a properly stopped bottle 
for summer use, with a dight addition of fresh aether^ as foimerly 
explained. Spjuro leather washers ought to accompany every 
Instrument. These often require change, to adjust ihe relati?e 
positions of the brass bottle and syiinge. 

I omitted also to mention formerly^ that when an aoeumte 
obaerfation baa been accidentally mined at first, or when from 
any cause it is wished to repeat an obseryatioui the temperature 
ought to be allowed to rise 8^ or 10° above the point to which it 
has fsUe&i before it is again slowly reduced ; because as soon as 
the exhaustion is stopped, the comparatively warmer air heats the 
caEterior surliMse of the bottle faster than the liquid and the ther- 
mometer are heated ; and if the cooling is not again begun from 
8^ or 10^ higher than the temperature has fallen to, the dew- 
point would be got too low, the surfiEuse taking some time to cool 
again. 

I have the honour to remam, 

Your very faithful Servant, 

A. CONNELL. 



XX. On the Products of the Desirmtive Distillation of An imal 
Suhsiances, — Part III. J5y Thomas AndErsox, M.D.,J{€(/tus 

Fiojc-^^or of Chemistry in the Umueriy/f>/ of Ulasyuw^. 

IN the preceding parts of the investigation of the products 
obtained by the destructive distillation of animal substances, 
I have entered fully into the method of treating the raw material, 

* From the Tmnsactions of the Royal Society of K(rnibnrn;h, vol. xxi. 
part 1 i read April 1/, 1B54. [Part I. appeared in the Se|)teuiWr Number 
of this Joninal for 1848; Fnt IL in our Number for December 1851.1 

PML Mag. S. 4. Vol. 9. No. 57. F^. 1855, L 
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and have shown the existence in it of not less than three differ- 
ent series of bases ; one, that of which metbylamiuc is the tj'pc ; 
a second, of wliirli picoline is an example; and a third series, 
not yet further examined, to which the provisional name of 
pyrole bases has been applied. Besides tliese, aniline is also 
met with, but whethtir as an isolated substance^ or accompanied 
by the other members its series, cannot be detemined, as 
none of them possess suiiiciently distinctive reactions to permit 
their detection in a cuiiiplex mixture. 

To the serie^i of which picoline is a member my attention has 
hitherto been specijilly directed, and chieily owing to the interest 
attaching to thcsi; buics Iruui ihcir identity in compuaitiuu with 
the corresponding members of the anilmc ^series, aniline and 
picoline being the first instance in which the isomerism of two 
organic bases, of which we have now so many examples, was 
. distinctly made out. In the second part of the investigation, 
tlivee memben of the series in question are described, namely, — 

Pyridine . • . . C^H^N 
Picoline . . . . C^H^N 
Lutidine . . . • C"H»N 

of whieh the two latter are isomeric with aniline and tcdnidine. 
It was farther remarked, that the phnomena observed seemed 
to indicate that the members of this series present in Dippel'a 
oil did not terminate with latidine, but that baaea of higher 
atomic weight and boiling-point manifestly existed in it. The 
object of the present paper is to show that this statement waa 
well founded, bv giving a description of another member of the 
series, and further to define their true constitution. 

On pursuing the distillation of the different fractions of basie 
products obtained by the process described in the seeond part of 
this investigation, and distilling at temperatures above 305^, 
which is about the boiling-point of lutidine, it waa found that» 
when converted into platinum salts, the per-oentage of platinum 
gradually diminished as the boiling-point rose. Taking advan> 
tage of the well-known empn-ical law, that the boiling-points of 
homologous substances rise by 34^^ of Fahrenheit for every ad- 
dition of C'^ll'' to the atom, and from w hich the boiling-points 
of pyridine, i)ieoline, and lutidmc do not greatly differ, I directed 
my attention to the portion of mixed bases boiling about 340°, in 
w hich il was reasonable to expect that tlie nextbas* ot the series 
should be found. But even after repeated reetilu ations, the 
base distilling at this temperature still ga\e a very powerful 
reaction of aniline with chloridi; of liinv, and the per-centage of 
phitimun in its double compound was but little lower than that 
of the luudiuc salt, ur at all events nevei' rcacheU the numbex 
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liBqiivad by theory for the higher base. Being conviuced that 
the aejiaratioii of two bases appfonmatiiig sodosely in their boil- 
ing-poiiiU as aniline and the substance I expected to find, could 
not be effected by fractionated distillation^ or at least only by an 
expenditure of time, labour and material, altogether out of pro- 
portion to the importance of the object to be attained, I endea- 
voured to accomplish it by crystallization. Having observed 
that the other members of the picolinc series gave highly soluble 
and even deliquescent oxalate*, I conceived that by converting 
the mixi-'d bases into salts of that acid, it would be easy to sepa- 
rate the rather sparingly soluble and hiirhly crystallizable oxalate 
of aniline, and ol>tain tiie oxalate of the other base in a state of 
purity. But this expectation was not confirmed by experiment; 
for neither from the porUou boihng about 340 , nor even from 
that collected at 360°, and corresponding therefore with the 
boiling-point of pure aniline, could the slightest trace of crystal- 
lued oxalate of aniline be obtained, although both fractions gave 
the reaction of that base in the most powerful luauacr. The 
experiment whs vamd m every possible way by the use of water, 
spirit, and absolute alcohol, but by allowing these liuids to eva- 
porate spontaneously only a thick syrup was obtained, without 
the slightest indication of crystallization. Even the addition of 
ether to its alcoholic solution gsye only a syrupy fluid, and no 
crystals ; and I was foioed to conclude^ that, even in the portion 
of the mixed bases comsponding to the boiling-point of aniline^ 
its quantity was so small in proportion to the other substances, 
that the properttea of its salts were entirely masked by them. 

Not succeeding in obtaining the pxae aniline^ and so separa- 
ting it fiom the other basoj the question eame to he, how to get 
lid of the fomer substance in the best possible way. For £ia 
purpooe I availed myself of the extreme stability of the bases of 
the picoline series mentbned in my fonner paper, which is so 
great that they resist even the action of strong nitric acid, by 
which aniline is entirely destro}ied. When the base, boiling 
between 340^ and 845"^, is mixed rapidly and in large quantity 
with nitric acid, much heat is evolved, and a brisk action takes 
place; and if the portion boiling about ^GQP is employed, the 
action is so violent as to be almost explosive, and it is requisite 
to add the base drop by drop to the acid, which must be kept 
carefully cool. The acid fluid acquires a deep red colour, and 
on boiling, red fumes arc abundantly evolved, accompanied by 
an odour resembling iliat of butcr almonds. After the action 
has ceased, the fluid betonics muddy when mixed with water, 
aud a thick reddish-yellow yil is deposited, wiuch has exactly the 
odour of nitrobeuzidcj and resembles it in many of its pi ( rtica. 
Th^ quanUty of this substance produced is by no means iarg^ 
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and it is evidently mixed with some resinous substance. Owiii§^ 
to this circumstance I have not been able to submit it to poiifi* 
cation and analysis^ so as to ascertain whether it really ia nitro* 
bcnnde ; but though that substance has not yet been obtained 
by a similar action on pure aniline^ it is quite possible that it 
may be produced, and the reason why it has not hitherto been 
observed is probably because no one has had occasion to sacrifice 
large quantities of aniline in this manner. The ncifl ^^olution of 
the undecomposed ba?;e is passed throngh a wet tilterin order to 
separate tlie oil, and the l^tiid boiled for some time to expel the 
last traces. On saturation with potash and distillation, an oily 
base passed over with the water and colieetcd on the surface. 
This base, on being converted into a platinum salt, was found 
still to give a result greatly above that reqniied l)y theory for 
the substance of which I was in quest. On subimtting it to 
distillation, it was found to commence boibui^ at about 320°, 
and lieiice to contain a large quantity of iutidme ; and it was 
only the very last portion which gave a platinum salt cone- 
spondins: with theory. It was cK ;ir that a larere quantity of lu- 
tidine liad been retained at a boiling-])nint above that which 
naturally belongid to it, by the presence uf aniline, and that 
substance being destroyed, it came over at its natural boiling- 
point. The higher fractions of the oil containing aniline were 
therefore treated in a similar manner, and the undecomposed 
bases, which unounted to from a half to two^thirds <^ the onguial 
ouantit^ acted on by nitric add, were submitted to fractionated 
distillation. The product was found to spread om a consider- 
able number of degrees, and a quantity of that collected.between 
840^ and 346^ was converted into a platinum salt and analysed, 
but the results indicated the presence of much lutidine. The 
product being still obviously impure, was submitted to a syste- 
matic fractionation, and it was observed that the thermometer 
remained rcmai-]<ably steady about 354^. The portion boiling 
between 350° and 800° was collected apart, and after several rec* 
tifications a fraction was obtained which distilled entirely between 
35^^^ and 356°, and proved to be the pure base^ to which I give 
Ihe name of colhdine. 

CoUidiiie, 

Collidine is obtained in the form of a transparent and colour- 
less oil, which may be preserved for a long time in bottles only 
partially filled with it, without acquiring colour. A rod dipped 
in hydrochloric acid brought in contact with it gives abinidnnt 
white fumesi. Tt is iiisoliibl?' in water, and floats on its surface, 
without undi r-()in;jr diminution. It dissolves a small quantity 
of water, which is readily separated by caustic potash. It is 
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liighly flolaUe in alcohol^ aether^ and the fixed and volatile oils. 
It diaaolyes with great Iheitity in the acids^ Imt even wben added 
in laige enseas it does not neutralise them. It precipitates ala- 
mina, chrominm, sine, and peroxide of iron from theursolutioflBj 
but gives no precipitate with baryta, lime, magnesia^ manganese 
or nickel. It throws down oxide of lead from the nitrate^ but 
not from the acetate^ a remarkable peculiarity, which it shares 
with methylamine and sethylaminc. With corrosive sublimate 
it forms a double salt, but from salts of the suboxide of mercury 
it throws down the oxide. Its odour is strongs aromatic, and 
far frooi unpleasant. Its specific gravity is 0*921, and it boils 
at 354^. The following results were obtained by analysis 

I. 4'075 grs. of coUidine gave 11-800 gni« carbonic acid and 
ft*460 grs. water. 

II. 4-079 grs. of coltidine gave 11*800 grs. carbonic acid and 



8*393 grs. water. 



III. 4-124 grs. of coUidine gave 11*980 gn. carbonic add and 
3-5€0 grs. water. 

ExperimcnC. Gslculttioo. 



A . ^ ^ 



I. II. III. 

Caibou . 7H-97 78-89 79-22 79'88 96 
Ilvdrogen 9-40 9*24 9-58 909 H" U 
.Nitrogen 11()3 1187 11-20 11-58 N 14 

100-00 loO^ 10000 10000 121 

These numbers correspond with the formula C'^ U" N. CoUi- 
dine forms^ therefore^ another member of thepicoline series^ and 
correspondi in constitution with the base described by Cahours» 
under the name of xylidine, in the aniline series^ with whidij 
however, it is isomeric only, and not identical, its properties bcang 
different in all respects. 

The salts of ooliidine are for the most part highly soluble and 
deliqueseCTt. When evaporated, they form uncrystallizable 
gummy masses, some of which, on standing, show traces of cry* 
stallisation. They are soluble also in alcohol, but not in aether. 
The only highly crystailisable compounds are the mercury and 
platinum double salts. , 

•The mercury double salt is thrown down in the form of a 
curdy-whitc precipitate, on the addition of a solution of corrosive 
sublimate to a solution of the hydrochlorate of collidiiie. It dis- 
solves in boiline spirit, 'dud is deposited, on eooliag, in needles. 
It could not bo ublaiued oi tl( lUnte coiiiposiUuii. 

PlatinocMundc of CoUidine is obtained whcu strong solutions 
oi hydrochlorate of coUidine -iuid bicliloride of platinum are 
mixed« It is slowly deposited in the form of orange-yellow 
prisms m needles, according to the degree of concentration of 
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the fluidfl. It ia readily eolable in water, but inaoloble in alooh<4 
and aether. Ita analysis ga^e the following resnlta : — 

I. 6 01 3 irrs. of platinochloride of eollidine gave G'345 grs. 
carbonic acid and r937 gr. water. 

II. 5*040 grs. of platinochloride of eollidine gave 5*860 gra. 
carbonic acid and 1*650 gr. water. 

I. 5*620 grs. of platinochluride of eollidine gave 1*705 gr« 
platinum. 

II. 4 535 grs. of platinochloride of coUidine gave 1*362 gr. 
platinum. 

III. 5 097 gra. of platinochloride of collidiuc gave 1*657 gr. 
platinum. 

Experimeot. Calculatioii.. 
( ^ — -I i '■■ ^ ^ 

T II. in. 

Carbon . 28-77 2900 — 29-33 C^^ 96 
Hydrogen 3*57 8*63 ... 3*66 H'^ 12 

Nitrogen 4-31 N 14 

Chlorine ... 32-54 CF* 106*5 

Fktinain 80*88 80*08 29*89 8016 Ft 98-7 

10000 327*2 

Theae results correspond with the formula C»^H"N. HCl-|-PtCl«, 
and entirely confirm the constitution of the base. The rest of 
ita aalta have not been particularly eiamined, aa they did not 
praaent anything of interest* 

[To be eontiiiiied.] 

XXI. NoHees rttpedmg New Booh. 

A Treatise oh Frictional Electricity. By Pstsr TaaorBiLUS Ribbs. 

Berlin: 1853. 

n^^HE iiiattiiiils for a treatipe on electricity lie in part scattered 
<* through former treatises, and, lu detached portions, through 
the pages of aeientifie journals. A portUm of these materials is doubt* 
fol ; a part ialse ; another part true, and tbeiefofe dastinad to Uto. 
To choose wisely from 8uch a mass-^to preserve the true, reject tiie 
false, and assign to tlie doubtful its proper value, n quires a correct- 
ness of judgment which a practical cultivation of this portion of 
science can alone bestow. How many of our scientific books are 
compiled !)y per.'-ons who themselves have no clear conception of the 
tiiinj^rt cuncerniiig which tliey write, and who therefore introduce 
confni*ion and dismay into the minds of their readers ! For it is not 
by the mere withholiiug of knowledge that such writers do harm ; 
this would be a negative evil, but it is not the wont; it is the sap- 
ping of the reader's faith in his own ability* the fbicing upon him 
the conviction that he has no natural capacity for such studies, that 
does most mischief. If a scientific hand-book be defective in cleai^ 
nesa or unsound inargument, the reader who cornea to it foinatroo. 
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tkm, not poMBwing a mffident amount of eiiltiure to enable faim to 

form an independent judgment, accepts the fallacy, and attributes 
the absence of clearness to his own, rather than to histeaclu r ^ want 
of understanding, wherea? the latter is often tlie true cause of failure. 
Kow there is no task more responsible tlian that of the man who 
undertakes to write a book for the instruction of the community in 
science, and no man ought to embark in such an undertaking who 
is not prompted by higher motives than the mere hope of commercial 
aooeeM. He must love bia tubjeet. Yean of attiaiice with it must 
have made htm master of it np to its boundaries, and enabled him to 
detadi the hypothetical from the true. He must know the true 
value of those images by which natural truths are connected, and 
rendered intelligible to the human mind ; a knowledge necessary to 
pr:?erre him from confounding the symbols of science with its reri- 
ties. He must himself be an investigator, and his skill as such must 
be ratified by his own discoveries and his manner of communicating 
tiiem, before iiis qualiticatioiia are complete. 

Few, we imagine, possem the requirements to which we have 
aOuded, in a greater degree than the writer of the book before us. 
His lifetime nsA been spent in the investigation of the subject on 
which he writes. On almost every page we find evidence tiiiat the 

man is not writing from hearsay merely, but that the experiments 
he records have been repeated by himself, and come to us with 
the sanction of his own authority. There is no portion of frictional 
electricity which has been left untouched : on all i)uiiit!4 the reader 
will obtain ample iuformation ; and w bile he reads, he may carry 
irith him &e oomlbrting assurance that he possesses a teacher worthy 
of his eonfidenee. There are many things introduced into this trea- 
tise which we have observed in no other ; many, indeed, that we owe 
to the anUior himself, and which constitute the most important con- 
tributions to this portion of science which have been recently made. 

To the man who w ishes to pursue electricity as an earnest study 
this work w ill prove of great value, abounding, as it does, with })rac- 
tical suggestiuiijs winch are founcied on the experience of a lifetime. 
To the muathematician who desires a safe basis for his calculations the 
book will prove eminently useful. Many portions are beyond the 
range of the mere popular reader ; they are addressed to the student ; 
but even the popular reader, by omitting the portions thus referred 
to, will find ail he needs remaining. He must not, indeed, expect to 
meet in the work an encyclopsedia of electrical amusements : the 
writer has applied himself earnestly to his task, and has chosen those 
experiments which liiustrate the i)rinciple8 of his science, and which 
prompt to further inquiry. His vocation is to teach, not to amuse ; 
and to him who desires to obtain a comprehensive view of the laws 
and phaenomena of this portion of science, we are acquainted with 
no work which we can recommend with greater confidence than 
the traitise befoie ns. 

The work oonsists of two volumes, large octavo ; it is amply 
illustrated, and the plates are beautifully executed. The manner, 
indeed, in which the work is presented to the public reflects great 
credit upon its publisher. 
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mOTAL BOCISTT. 
[Continiied from p. 7d«] 
Not. 16, 1854.— Colonel Sabine. R.A., V.P. and Trees., In tlie Chair. 

THB foUowing communication was lead : — 
Letter from lieutenant Maury to Admiral Smyth, For. Sec. R,S. 

Natioaal Observatory, Washingtaa^ 

October 21, 1861. 

"Sir, — I have the honour to state, for tlic information of the 
Royal Society, that a new asteroid \va~ dijcovLrt d here by Mr. Jamea 
Ferguson, Asttistant Astronomer, at il r.M., 2ud of Sept. lSa4. 

" He was observing Egeria at the time, and found that, the 13th, 
and diia, the Slat, in the field together. 

" I have delayed this conmiunication, waiting to aaeertain whether 
the planet might not have been discovered by obsen^ers in other i)arta 
of the world ; and it appearing that it had not, the priority of the 
discovery, therefore, belongs to the National Obscrvator}' ; and this 
new star is added to the family of asteroids as the hrst representa- 
tive of America among them, and a memorial of her zeal in the 
cause of astronomy. 

" As a teatimony of the high appreciation in which the talenta and 
the industry of Mr. Ferguson are held, "the honour of naming thia 
planet was left to him* Following the rule adopted by astronomera 
with regard to the asteroids, he has selected the graceful name of 
Euphrosyne. 

** Its approximate ephcmeris, with the last observations, are here- 
with enclosed. 

"I have the honour to be, 
'* Respectfully, &c., 

" M. F. Matot, 
" ReoT'-AimM FT. H. Smyth. RJf.** JJmt. VJSJr." 

Bphemeiaa of Enphroeyne. . 

M. T. Wsshington. a. X 

18M,0et. 19. » 26 41*9 1 iV 15*11 -I U hi 

Elements of Euphrosyne, computed by Prof. Keith, from 
observationa of Sept. 2nd, ^h and 10th. 

M. 13 36 3l'3 Sept. 2*721 M. T. Greenwich. 

nut ft&0*61 BLBqn. 1854 0. 

A 33 29 217 J 

i 22 39 13-6 
A 4 22 30*2 

log* 0'460m 
]og|» 2«46712 

Ephemeria for October. 

M. T. Berlin. «. ). log r. log A. 

ISM.Oct. ]9-5 1 12 0 1 59 2i 0*43828 0*24622 

23*5 1 7 49 1 47 29 0-43860 0*24937 

87-5 1 3 49 1 38 49 0*43873 04984A 

31*8 1 0 3 1 18 18 0*43887 0*85061 
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Nov 23, 1854. — 'I'homas Bell, Esq., V.P., in the Chair. 
The following coinmumcations were read : — 

" On the Impregnation of the Ovum in the Stickleback." By ^ 

W. H. Ranaom. M.D. 

1 purpose placing: before the Royal bociety in this communication, 
the principal re!*iilts of experiments made during the months of 
June aQil July Uat, ou tiie impregnation of the ovum in Gasierosteus 

Umnu and €f. pungitius, imd hope to be able to furnldi a move 
detailed aoeoont of my obeerratioiia on a future occaaion. 
The ovarian ovum of these fishes* at a very early stage of its 

development, is provided with a proper investing membrane« the 

future chorion. At a later period, one portion of this membrane 
presents a number of cup-shuprd ]iediculatcd bodies scattered over 
its surface, nnd in the centre of tiiis part of the chorion there is a 
lonnel-shapcd depres«ion, pierced by a canal which leads towards the 
centre of the egg. 

In the nearly npe ovum, the germinal vetncle oeenpies an ezoentrie 
position with reject to the egg as a whole, but imbedded in ^e 
oentre of a semi-solid accumulation of fine granular matter at that 
part of the surface which corresponds to the funnel-shaped depres* 
sion ; so that the npex of the funnel, ]>rojocting inwards beyond the 
level of the inner surface of the chorion, makes a depression in the 
centre of the layer of granular matter, and comes nearly into contact 
with the germinal ve:>icle. 

For convenience of description, the fannel-shaped depression will 
now be called meropyle, and the layer of granular matter before 
impregnation, dUeui proligmu, 

Tbe germinal vende disappears before the ovum leaves tiie ovary, 
and no remnant of it or its spots can be seen. 

A very delicate membrane invests the yelk within the rhorion; 
this membrane i^ more distinct after impregnation, or after tbe 
action of water u{)on an unimpregnated egg; it may be isohitcd, and 
tiiuu exhibits a remarkable degree uf elafiticity. It is nut a yelk-mem' 
htm, and it will be spoken & as the mner mmHhrmif, 

Hw layer of the yelk immediately internal to tbe inner meipbrane 
passing over the discus proligerus, is formed by yellowish liiglilf 
refractive drops which disappear in water, undergoing some remark* 
able change^, and bv a fluid substance whicb water precipitates in 
a finely granular form. 

The principal mass of the yelk consists of a c k ar and very con- 
sistent albumen. The oil is collected into a few very large drops 
which come op to the surface. 

When the ovum escapes from the ovary, it enters a cavity which 
may be considered as the ovarian eitremity of the oviduct, in which 
a considerable quantity of clear viscid fluid is previously seoeled 
and collected, to be expelled with the ova. 

More exact observation of the raicropyle in the free eggs proves 
that the inner end of the canal is cither open, or at most closed by 
aver}- delicate niembrane. Wlien luokinir into the funnel from the 
wide mouth, the apex bemg in focud, a bnght, clear, round or oval 
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Bpot, such aa an apertore would piodiioe, it always visible. If a 
section be made of the egg, and the apex !)rought into focua htm 

within, the mmc clear spot i? well «f(»n, nnd the fine and regularly 
dotted striictTire of the chorion is seen to cease suddenly at the 
margin of the cit ir spot. 

The general form of the egg after deposition is round, but it is 
rendered irregular by indentations caused by the pressore of oAer 
egge. It ia ineUtBtic, and retains impressions made in it bf a needle ; 
tDd when placed in water, these characters remain for a long time if 
it be not impregnated,— a fact which indicates that water does not 
pass through the raieropyle, or by imbibition through the chorion. 
The viscid secretion of the oviduct which invests the vg^n may 
defend them ap:ninst the action of water, in which it does not readily 
diffuse or dif^suh e. This secretion hns an alkaline reaction. The 
substaucc ot the yeik has a deciiiediy acxd. reaction, — more than 

enottj^ to neotraliie the alkalinity of the riseki secretion. This 
. reaction is, I believe, due to a peculiar organic add, but the ex* 

periments relating to this question are not yet complete. The 
seminal particles of the male continue to move Ibr a considerable 
period in the viscid secretion which envelopes the ripe ova, but they 
very quickly become still in water. 

In the act of impregnation one or mure (as mauy as four have 
been seen) spermatozoids paea into the micropyle, and probably by 
their pfoper motion overcome the obstruction which prevents the 
entrance of water. Actively moving spermatozoids may remain in 
ocntaet with the chorion for eighteen minntes at least without pro- 
ducing any sensible change ui the ovum, provided none of them enter 
the micropyle, but when one is seen to enter, in about a quarter 
of a minute a change is observable. 

The chani^'es which are observed to follow the entrance of the 
Sperriiuto/oidb into the micropyle are the fullowirifr; — In about a 
quarter of a minute the tube is shortened, and very ^uou a clear space 
becomes visible within the chorion near the micropyle : this space, or 
reapiratory chamber, gradually extends to tiie opposite pole of the egg 
and increases in diameter, as does uUo the whole ovum. During 
the formation of this space the surrounding fluid enters through the 
micropyle, and thi^ i::rfidiially retracts and is at length closed. Tliia 
entrance of fluid into the visi: cftTices the depression^, restore? the 
round form, and makes it hna aud elastic ; but does not caii'^e 
any such precipitation of granular matter as is produced by its arti- 
ficial introduction. 

While the respiratory chamber is yet in progress of formation, the 
yellow drops of the superficial layer of the yelk grow pale and 
disappear ; the change beginning near the micropyle. As a result 
of this, the whole egg becomes clearer, and the discus proHyenm, 
which may be now more correctly denominated the gemuiai nm$» 
is more distinct. 

The yelk now very slowly alters its form, one surface becoming 
flattened ; but about iiUeen ox twenty minutes after impregnation a 
iMDiilcable and mom vivid contraction begins, causing the yelk to 
ptw through a aeriaa of regttlailyrecuniiigfofiBa. The contraetkni 
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begins on one tide near tbe equator, and aoon fonni a oiiealar oon- 
stnetimi which gives tbe yelk the figure of a dumb-hell, the longer 

azie of wbidi ia the polar axis of the egg. The constriction travela 
towards the germinal pole, and next prodoces a flaak-shaped figure ; 

this ia at length lost by the constriction passing on, and tlie round 
form is regained in about u minute. Ihis wave reappears and 
travels forward a^in withLiut any distinct period of rest, and I hnve 
seen thcbc movements coutmue for forty-five minutes, though towards 
the iatter paiC of this period they are less distinct and more limited 
m estent. The gemunal maaa has itself during these oontractiona« 
wMch strongly resemUe the peristaltic morements of the intestine, 
undeigone cSangeain form, and has increased in bulk and distinetness. 
These movements are onaffi^ted by weak galvanic currents. 

During the passage forward of each wave of contraction there is 
an o*cillRtion of the whole mass of the yelk, so that its germinal 
pole passes once to the ripht and once to the left of the micro] lylci 
to which it at first corresponded. The plane of this oitJilhitiuii niuy 
be veriical, horizontal, or inclined, but always cuts the micropylc i 
it begins and ceases with the contractiaos already mentioned, and 
would aeem to be a mechanical result of them. 

For some time before cleavage begins* the only changes of form are 
the appearance of wave-like elevations and depressions akmg the 
under surface of the germinal mass, and its alternate concentration 
and diffusion. Cleavage begins in nboiit two hours after impreg- 
nation ; no embryonic cell was observed before it began, nor in any 
of the clcavaL^e masses. 

l iic luuer membrane is iulded m during cleavage i it is easily 
seen thrown into folds at the cleft, and lor thia reason 1 do not 
donsidHr it a yelk»wimirmf, which term would be better applied to 
tbe duicimu 

'* On the Applicability of Oelatbe Paper as a Medium for (^lour* 
iaglight." Bt Horace Dobell, Esq. 

The ob)ect of this communication is threefold. 

(1.) To point out the properties of a material called Gelatine 
Fisper, which render it ajjplicable as a medium for colouring light. 

("2.) Through the means of gelatine paper, to introduce the uee of 
coloured light in the arts tor the preservation of the sight of artisiris, 

(3.) To introduce the use of gelatine paj)er for the relief of 
persons suffenug from impaired vision ; for the preservation of the 
sight of travdlers, and of all tiioae who are much engaged in reading. 

Una material was invented in 1829 by the la& M. Grenet, of 
Rouen, and was e^liibited by him in its present state of perfection 
at tbe Great Exhibition of 1 85 1 . But up to the present time it has 
not been successfully applied to any more useful purposes than the 
manufacture of artificial flower*', ad dresa -cards, tracmg-paper, wafers, 
wrapper* for cnnfeetionary, and the like. 

It is rumni( Illy manufactured in sheets, measuring 22 inches in 
length and lb inches in diameter, which are sold at a small price; 
bat the sheets can as easily be made of any dimensions not ex« 
fiffding those of which plate-g^asa is capable. It can be made of 
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any tiiicknen, bom, that of the finest tiam paper upwarda. It may 

be obtained as transparent ae the best glass, and more free from eoloary 
or of all colours and shades of colour, without interfering mtli its 
transparency. It is exceedinc^l)' light, and may be bent or rolled 
up without injury. It can be cut with scissors like ordinary paper, 
and may easily be stitched with a needle and thread. By means of 
an aqueous solution of gelatine, it can be made to adhere accurately 
to plates of glass without any interference with its transparency. 
When varniflhed with collodion it beoomea perfectly wateqiroof, man 
pliable, capable of bearing a eooaiderable d^gvee of heat witibont 
injury, and its transparency is not afiected. 

Hence it appears, that, in addition to its transparency and suscep- 
tibility to various colours and forms, gelatine paper is cheap, pen:- 
table, and durable. 

Such beinor the piojierties of the material, the following aie 
enumerated by the uutiior as bume u£ the iortus in wi:iich lie suggests 
that it may be employed, and in whiefa it haa already been found 
usefol. 

1. A small sheet of very pale green or blue gelatine pap^, to 
be used in reading. The sheet is simply to be laid upon the page 
of tlic boolc, nnd the rendint^ to be conducted through the coloured 
medium, li used in a taint light, the reading paper is to be raised 
a little from the book to admit more light beneath it. 

2. A sheet of gelatine paper of pale green set in a light frame, 
and placed like a screen before the window or lamp of the engraver, 
tibe watchmaker, the jeweller, and the like; thus proyiding a light 
of genial ooloiur In which they may puxaoe dwir oceapaiions. 

3. A similar appliance to tiie last-mentioned for the use of 
needlewomen. For this purpose screens are to be provided, both of 
green and of blue gelatine pa]>er : ?o that the white materials em- 
ployed in needlework may be changed to a pleasant green, by the 
screen of that colour, the yellow materials to a erreen by the blue 
bcreea, and by one or other oi these screemi the ledd gufleued duwa 

into yioleti or browns. 

4. For eiUier of the two last purposea on a larger acale, tha 
gdatine paper may be attached to &e window glass of the apart* 
ment, thus colouring, if necessary, all the lif^t admitted doring day- 
light. 

5. Shades for the eyes in certain altections of the sight, to take 
the place of the green or blue silk and card shades worn by many 
persons. The gelatine paper being transparent, wiii allow the 
wearer to see his way about, at the same time that the eyes are pro- 
tected from a |{laiing light. This may be especially nsefol in casen 
where it ta desired not only to shade a diseased eye, but also to pro- 
tect its nerves from strong light admitted by the sound eye. When 
not only coloured light but a certain degree of darkness is required, 
this can be readily and delicately graduated by employing shades of 
different depths of colour. 

6. Masks of gelatine paper for protectinj^ tlie eyes of travcUera 
a^aiust ^he glare of buow-lieidi> and oi saudy deserts. 
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XXIII. Intelligence and MisceUaneoui Atiielef. 

ON THE LIMIT OP VAPORIZATION OP MERCURY. BY C. BRA ME. 

FROM the numeroupexperimentB which T have mFidc on this ?tibjnct, 
it appear?, — 1 , that gold, whicli was employed for thepurix Hc by 
Mr. Faraday, is not a suliiciently sensitive reagent for the dctectiun uf 
Tery small quantities of the vapour of mercury ; aud lliat li, as Faraday 
has done, we are able by this means to prove that at 68** to 77^ F. mer- 
cury gim off ^pour to a height of more than 0"*1CX), and if the for- 
mation of thisvapour can nolonger be shown at more thiinO"*020 when 
the temperatoro is below 3 2^ F. , this does not prove that mercury has a 
limited atmosphere. 2. On the contrary, it is proved that the vapour 
of mercury rises easily to 1 metre nt temperatures comprised between 
a few degrees below 32° F and 86' F. iMorcover, it lias been ascer- 
tained in M. Chevreul's laboratory, that when a tube of a diameter 
of O'^'OaO, open at both ends, waa placed over mercury at a tem- 
peratare of 68^ to 78^ F. for a fortnight, the vaponr of the latter 
gave a blown colour to vesicles of sulphur placed at a distance of 
l"*440 from the surface of the mercury. In the vaults of the obser- 
faioiy, vedwles of sulphur placed at a distance of l^' TSO from the 
mercury were rendered entirely brown in four months ; the sulphur 
was placed in a small tube open at both ends, and 8uj)ported by a 
spiral iron wire in a larger tube closed at one end, and reversed over 
the mercury. The larger tube was 0"*Oai in diameter, and l^'SO 
in height. In twenty days, in the same situation, the vapour of 30 
grms. of mercury, placed at the bottom of tabes from l"*100 to 
1"*200 in height, gave a brown colour to vcsides of sulphur depo- 
sited on the sides of little flasks which servedts stoppers. The same 
Molt was obtained several times, the temperature sometime remain* 
irjs: constant, as in the vaults of the observatory, sometimes varyino^ 
lb F. or more, as in the laboratory, &c. ; the air m the tubes 
was sometimes mure or les« free, sometimes conOticd, without the 
appearance ut any sensible diiierence. At oil temperatures it is 
always sulphuret (Mf mercury that is formed ; at 32^ F. and above that 
temperature it is of a deeper or paler brown, but at 1 8^F. the vapour of 
mercury gave a yellow or red ooloor to vencles of sulphur placed at a 
distance of several centimetres; the vapour of soft amali^Bas had often 
the same effect. In the former case, by continuing tlie experiments for 
a sufficiently long time, ponderable quantities (0*006 to 0*0230 gr.) 
of mercury were condensed in the vesicles of sulphur, and the same 
was the cose with mercurial ointment, amalgams of silver, tin, &c. 
Vesicular sulphur, the needles produced by fusion and hardened suU 
phur, which contain vesidcs, take up meicury. even when placed at 
the bottom of tubes of half a metre in length resting upon mercury. 

3. When, under the dreumstances already indicated, vapour of 
iodine (produced in very small quantity at the ordinary temperature by 
a few centii^mmes of iodine volatilized and condensed on the walls 
of a small tlask serving as a stopper for the tul)e ) descending from 
the upper part of the tube containing the mercury was substituted 
for the vesicular bulpiiur, the vapour of mercury appeared to form a 

limited itaosphere above liquid metal. In ftct, la this eaie^ it 



Digitized by Google 



1 58 InteUigence and Miicelhtneous Articles, 

did not apper\r to nse beyond 0"-036 to 0'" 038 at 69° F., and only 
to 0'» U2U to U'" 0i-2 Ht 53°-6 F., as ap])curcd from thv iodides of 
mercury which were deposited upon the walls of the tube. In the 
▼aultB of the observatory, it is true, the red iodide formed a very thin 
ring, and this ring was only at a distance of a few millimetres from 
the mercury s tbu, whioh oould not be fore e e cn from the lumoas 
retulte, must be attributed to the mcHSture, tbe iodine tubes b«ving 
been fixed ageinit the wall. In fifteen days, at a temperature of 
72°'5 F. in 8ie meridian chamber of the observatory, an amalgam of 
gilver gave rise to a much larger ring with vapour of iodine. This 
riuy: was formed of very (lietinct crystals of determiuable form ; it 
was at 0™'015 from the uuiiilgam. In mo^t of the experimentH ^\ lth 
iodine, the ring formed coubistcd of several iodides of the metal, but 
the red crystallized iodide formed the greater portion, or existed alone 
when the vapour of iodine being in slight excess, the experiment 
was stopped at the proper time. By means of a tube of 1 metre in 
length placed vertically in a larger tube resting upon mercury, John 
Davy's experiment wa^» verified, proving that iodine, placed at a 
distance from mercury at the ordinary temperature, absorbs the 
vapour of the latter. 1 his agrees with the result furnifthed by vesi* 
cular 8uli)hur, and shows well that if the mercurial atmosphere ap- 
pears to be limited when the iodine is in the &tate of vapour, this 
irises solely from the circumstance, that the vapour of iodide of mer- 
enry, and even that of iodine, have a eonsiderable density oompwred 
with the air. Hence it results that the vapour of mercury is repelled 
to a certain limit which varies with the temperature, whilst the rings 
formed bv t!ie iodides of mercury are at a tolcrubly con^'tant hciirlit 
at the game temperature. The vapour of bromint :tt ordiiKiry tem- 
peratures has the same actu ii as that of lutline, as ah»o the vapour of 
turpentine and ga&euus chlurmc at ll>7 dc. 

Concht$hM* 

1 . Vapour of mercury appears to be subjectt J» like other vapours* 

to the law of mixture of gases and vapours, at all temperatures bciweeil 
a few degrees below 32° F. and 86° F. ; and all the experiments 
performed with sulphur in various states concur to show that the 
limit set to the vaporization of mercury^ in conseqnt'uoe of the exclu- 
sive employment of gold as a reagent, is exceeded beyond anything 
that could have been foreseen from Faraday's experiments, as it has 
been aseertamed that the vapour of mercury can rise to a height of 
i*"*76 at a constant temperature of 5 2°* 7 F. 

2. If vapour of iodine, under certain circumatenees, gives n lesolt 
which at first sight ai)pcars to indicate that vapour of mercury form» 
a limited atmosphere, this apj)ears to depend entirely upon the con- 
siderable density, compared with the air, of the vapour of iodine and 
of that of the iodide or iodides formed, and upon the slight volatility 
of the latter. The same conclusion appUes to vapour of bromine 
and gaseous chlorine. 

3. On the other hand, the volatility of the product formed by tiie 
combination of vapour of mercury with sulphur, and the very small 
quantity of vq;Kiur of compeiatiyely amall density funuahed by loU 
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phur at ordinary tempemhire?, remove all difficulties in explaining 
the results obtained with this subgtanct. The vehicles of sulphur 
tbsorb the vapour of mercury with great cner^, and when sulphur 
is employed, nothing prevents the mixture of air with the vapours 
prodnoed. The principal result obtained in this ease may therefore 
lie oonsidered the normal result. 

4. By bringing .together the fact observed by Faraday, which is 
otherwise perfectly correct, and the views of Poisson upon the state 
ct tht. last strata of tlie terrestrial atmosphere, the limitation of the 
vapour of mercury han been employed in the hip;hest discussions of 
general physics, both iti treating of the limitation ot the atmosphere 
of the earth and of the divisibility of matter ; questions which, since 
tilt time of Wo1]astDn» have been regarded as oorrelative. The 
fetults of my experiments appear to me to prove that it is impossiUe 
to refer to the limitation of the vaporization of ntercury in speeola* 
tions of this nature.— ^Goavifct JZcmfat, Nov. 20» 1864, p. 1018. 



JfETEOKOKXilC AL C) I! si: K \ ATI0N8 FOR DEC. 1854. 

Ckitmick,^l)ttom\m X. Uesr aoU tise. 2. Overciit: very larg« halo round 
dMnooB. 8. Cloodj: deir. 4. Cleir tad Use. 5. fines doudy: clear at 
night : rain. 6, 7. Fine : cloudj. 8. Densely overcast. 9. Cloudy. 10. Clear 

and cold. 11. Sharp frost : fine, 12. Very fine. 13. Jla/y? overcast: rauit 
U. Densely clouded, lb. Dusky iiying clouds : overcast : rain. 16, Cloudy i 
fine. 17. Clear : fine : nda. 18. Iwn : heavy clouds : dearsnd cold : ratn. 19. 
Verv finr ; rain. 20. Stormy and wrr. 21. Fine: rain: overcn^^t 22. Cloudy 
and bouterotis : rain at night. 23. Fine : cloudy : overcast : nun. 24. Fine : rain. 
25. Densely clouded : rain i clear and fine. 26. Clear and fine. 27. Fine. 28. 
dear an i f r osty : very 8net frosty. 88* Ovsfcssi. 88. Cloody : 8d6. 81. Ovsrw 

4Vlt cloudy : hoi^terftii?. 

Mean te£n|)crature ul' the month .,«••.« «••..« , 89^86 

Iffluitempantaraflf Dm. 1868 88*49 

Mean temperature of Dec. for the lsilltipea^«d||^yesn ... 39 *64 

Average amount of rain in Dec 1*50 inch. 

notion, — Dec. 1, 2. Fine. 3. Clouily : raui p.m. 4. Fine. 6. Cloudy. 6« 

Fine : rain a.m. and p.m. 7. Pine. 8. Cloudy. 9. Fine : r^ and mow p.it« 

10,11. Fine. 12. Fine : rain p.^f. 13. Cloudy. 14. Cloudy: rain a m. 15. 

tim. 16. Fine : rain iUM. 17. Fine. 18. Rain a.m. and snow p.m. 19. Fine; 

rain p.m. 20. llaUi am. 21. Cloudy : rain a.m. 22. Qoudv. 23, 24. Fine. 

23. Cloudy: rain rjf. 28. Cloodj* 87. fine: lain A.M. and pji. 28, fins* 

29-31. Cloudy. 

Samdmieit Mam**, Orkney.— ^Dta. 1. Snow-showers a.m. : bail-thowera p.m. 

Saow-dioifCfi AJf.t etoDd7P.if. 8. KifaiA.ic.i a!iofrenp.M. 4. Showen 
A.M. and P.M. 5. Showf r«i am cloudy p.m. 6. Showers a.m. and p.m. 7. 
CiO<ir!y A.M.: sleet-showers P.M. 8. Showers a.. m. : sleet-showers p.m. 9. Showers 
A.M. and P.M. 10. Bright A.M. : &now P.M. 11. Cloudy a.m. : bhowerii p.m. 12. 

8lsst iliaipirg a.m. : showen r.if. 18. Clondf a.m. : showers, tbaaderand light. 

Ring P.M. 1 1 . Slret ihnwrrs a.m. : ?>iowers p.m. 15. Sleet-showers a.m. and p.m. 
16. Uail-abowera a.m. ; sleet-ahowers p.m. 17. Sleet-ahowers a.m. : hail-showers, 
Iraat 9M» 18. Hiil*aho«cn) frott a.m. and p.k. 19. Cloudy, ftmXAM. : rain p.m. 
88. Sleet-ahowm AJi.: dear p.m. 21. Dziide a.m. : ibcmen p.if. 22. Otmp 
A.M. : sh'Pt-showers p.m. 23. Hail-showers a.m. : sleet-showers p.m. 24. Showers 
A.M. t aleei-showen P.M. 25. Showers a.m. ; hail-ahowerH p.m. 26. Snow a.m.: 
hiil afcflfiWBi 9M. 87. Snow am* : saowt desr wm» 28. 8bo«» cloudy a.ii. ; 
rain p.m. 29. Dn/zle a.m and pj(. 30. Sleel-ahoncn iUM. : baH-ibowen pji. 

31. Sbowers A.M. : rain 

Alean temperature ol Dec. for twenty •»even previous years . 41^*10 

Mean tenpmtore of this month 39 13 

Mean tenaperahirc of Dec. 18f)3 38-97 

ATcrage qtiantity of nin in Dee. for fourteen previous yean 3 95 inchesb 
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XXIV. Fkv'tker Ohmvatum on anomUdeoMet^ In Eketrie Induc- 
tion, of OiarrmU and StiUk Effeeti, By Professor Fabadat, 
D.C.L., F.IL8. &c.* 

MELLONI, whose loss science must deeply feel, was engaged 
in the latter part of his life in investigations relating 
to static electricity, espeeially concerning induction, conduc- 
tioD, &c. He desired, in reference to these and the results I had 
imblished respecting the charge of, and conduction by, suhter- 
fiueoos and subaqueous insulated wiresf, to know whether there 
was any difference in the Hme of transmission Uirough such wires, 
of eortents having greater or less intensity, t. e. of currents from 
batteries of different numbers of plates. I applied to Mr. Latimer 
Clark on the subject ; and he with the; same earnestness as on 
the former occasion, sought and seized the opportunity of iiiakiii<; 
ciperinieiits of the like kind, and gave me the results, which I 
lent to Melloni. The latter published them with some obBerva> 
tioDs in an Italian Journal (whose title is not on the papnr 
which he sent to me), and soon after he was suddenly removed 
from us by death. As Mr. Clark's results are not yet known 
in this country, I have thought that a brief account of them 
would be valuable. His process records, by the printing tele- 
graph of Bain, the rt <nlts obtained with 768 miles of copper 
wire covered witli ^itta percha, and laid in the [r''onnd in four 
lines between London and Manchester, so connected that the 
beginniner and the end of the whole length was in Ix>ndon, 
The following aic his words, dated May 31, 1854: — 

"I have tried a few oxperimeTits on the relative velocities of 
currents of different intensities, and I enclose you aonic strips of 

* r<MTin'!niirated by the Author. 

t Hoyal institution Procectliiigs, i. 345 ; or Phil. >ia^. 1864, vii. p. 197. 

Phii. Mag. S. 4u Vol. 9. No. 58. March 1856. M 
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jnper thowing the remits. I wai unable to equalize the defleo- 
nona of a galvanometer by eumntsof intensity with small plates 

as compared with eanrents from a few large plates, for no suse 
of plate would make op for the deficiency in intensity. I allude 
to the form of experiment suggeated by Melloni ; — bat I believe 
they will be of interest to him. 

"The expeviments were made through 768 miles of gutta 
percha wire, viz. from London to Manchester and back again 

twice, with our ordinan' sulphate of copper batteries, plates 
3 lucheH Rquaro, and with intensities varying from 31 cells to 
sixteen tmirs 31 cells, or 500 cells. 

" 111 tiie accompanying strips the upper line mdicates the 
time during which the current was sent, being made by a local 
arraugcmcut. 

"The second line (of dots) indicates fime hij seconds, he'\nf^ 
made by a pendulum vibrating seconds, and strikmg a light 
spring at the centre of its arc of vibration. 

"The third hne indicates the time at which the current 
appeared ut (what we may call) the distant eud of the line, 768 
miles off. 

"The fourth line merely shows the residual discharge from 
the near end of the wire, which was allowed to communicate with 
the earth as soon as the battenes were diseonneetedi this has no 
reference to the sabiect of oar inqniries* 

" It will be seen by the ikurd Une, that about two^thvda of m 
second elapsed in every case before the corrent beeame apparent 
at the distance of 768 miles, indicating a velocity of about lOOO 
miles a aeeond; but the most interesting part appears to be, that 
this velocity is tentibly uniform fir aU hUemUiet from SI eelia 
to 500." 

Melloni has then given a copy of the records made when 31 pair 
and 500 pair of plates were employed ; unfortunately the copy 
is inaccurate, since it makes the fourth line commence as to time 
at the termination of the third, whereas it ought to correspond 
with the termination of the first ; also the third line on each does 
not thin off as those upon the record do. The following is a copy 
from other slips obtained at the same time from the Bain's print- 
ing apparatus. Experiments with 62, 125, and 250 oells^ gave 
like results with those of 31 and 500 eells. 

M will. 



After certain observations, which arc mamiy upon the mauner 

Digiiized by Google 



of Current and Static EJfeeta* 



163 



of the experiments, and the wa^ in which practical difficuhies 
were avoided, Melloiii says, ''It i^peara,, then, that when the 
electric current poeseaaes aufficient force to overcome the anm of 
the reaiatance offered by a given oondnctor, whatever its length 
may be, an augmentation of ita intenaitf ten or twent^old doea 
not alter the velocity of its propagation. Tbia fact is in open 
contradiction with the general meaning attributed to the deno* 
minations of quantity and iniensiiy ; since the firat comparea the 
mass of electricity to that of a fluid, and the second representa 
ita elasticity or tendency to motion. The equal velocity of cur- 
rents of varioua tenaion offers, on the contrary, a fine argument 
in favour of the opinion of those who suppose the electric current 
to be analogous to the vibrations of air under the action of sono- 
rous bodies. As sounds, higher or lower in pitch, traverse in 
air the same space in the same time, whatever be the length or 
the intcnsif}- of the aerial wave formed by the vibration of the 
sonorous body ; so the vibrations, more or less rapid or more or 
less vigorous, of the electric fluid excited by the action of bat- 
teries of a erreatcr or smaller number of plates, are propagated 
in conductors with the same velocity. Every one will spc how 
the hypt>tliese:4 imai^kiicd by us to give a reason for natural phae- 
nomena, will serve to suggest certain CTperimental investigations, 
the results of which will test their vuluiity or insufficiency." 

Melloni then savs that he shall shortly bave occasion to ijublish 
fsLcia which clearly demonstrate the errors of certain conclusions 
admitted up to the present time respecting electro- static indue* 
tion ; and I am aware, from written commnnicaliona with him^ 
that he conaidered the reaulta arrived at by Coulomb, Poiaaonj 
and others aince their time, aa not accordimt with the truth of 
nature^. In the mean time he died, and whether hia researches 
•re aufficiently j^erfected publication or not, I do not know. 

The unifonmty in the time and appearance of currenta of 
different intenaitiea at the further end of the aame wire in the 
same inductive atate, ia a very beautiful result. It might at firat 
be auppoaed to be in opposition to the views I set forth some 
yeaia ajgo on induction and conduction, and the atatementa more 

* He says, *' I deceive myself much, or else the fundamental theorem of 
elrrtnrfll iiHliiotion, we find it ordinarily announced, ought to be modi- 
fieti !»o aa not to coutouudtwo effects completely distinct — the electric state 
daring induction, tad after the contact ana separation of the inducing body. 
We know perfectly what occurs in tlic latter case, but not in the fonner," 
Sec. Apaui, ** In my last letter I raised doubts with regard to the eon- 
tequeoces wliich have up to the present hcc n deduced from the experimeuts 
•eiring as a base for the fuudamcuiai theorem of el^:tro-static induction. 

TheK 4oiibts have passed to a state of oertitade m my mind, and 

hdbold wt at this time thoroughly convinced that the enmidatioii of thai 
Hiiiwiiw oaRhl to be mmntn^ modified/' (Joiy 18M.) 
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recently made with regard to Hme. That» however^ doea not 
appear to me to be the caae, aa a few (itrther obaervationa on BIr. 
Cuurk^B recent experiments will perhaps show. When the amaUer 
battery is used, much less electricity paases into the wire in a 

given time, than when t lic larger one is employed. Suppose that 
the batteries are so different that the quantities are as 1 to 10; 
then, though a pulse from each would take the same time for 
transmission through the wire, still it is evident that the wire 
would be a tenfold better conductor for the weak current than 
for the stmn^ one; or in other words, that a wire having only 
one-tenth of the mass of that used for the crreater current should 
be employed for the smalk-r one, if ihv le-istance U)v pf/f/frf r/j/ffn- 
titles of electricity having diiferent iatcusitiea is to be rendered 
equal. 

My views connect the retardation of the transmitted current 
with the momentary induction set up lateral )v liy the insulated 
and externally coated wiic. The inducUoti uiil be proportionate 
to the intensity, and therefore its especial effect cm the time of 
retardation proportionately dimiiii^shed with the less intense cur- 
rent, — a result of action which will aid in rendering the time of 
retardation of the two currents equal. 

The difference of time in the former experiments with air wirea, 
and earth or water wires> very clearly depends upon the diff^- 
ence of lateral induction ; the air wire presented a retardation 
scarcely sensible, the earth wire one amounting to nearly two 
seconds. If the insulating layer of gutta percha could be reduced 
from O'l to O'Ol of an inch in thickness, and mercury could be 
placed on the outside of that instead of water or earth, I do not 
doubt that the time would be still more increased. Yet there ia 
every probabihty that in any one of these varying cases, electric 
currents of high and of low intensity would appear at the end of 
the same long wire after equal intervals of time. 

Mr. Clark's results may he stated thus : — A given quantit}* of 
electrieity at a high intc iisity, ov a ^mailer quantity at a ])ropor- 
tionally lower intensity, will apj)ear at the further end of the 
same wire after the lapse of the same period of time. My 
statement assumed the discharge of the sai/.c (juantity at f/ijj'rn nt 
intensities thnuigli the name wire, and the quantities in the illus- 
trative experinieiits were measured by a Leyden jar. In the 
consideration and t'urtlier developimuL of these results, it nuij^t be 
remembered that it is not the difference either m urae, velocity, 
or trausmiasioii of a mi/Mmim current which constitutes the 
object in view, for that is the same both for an air wire and a 
subtoraneoua wire^ but it is the difference in the first appearance 
only of the same eurrrat when wires under these different con- 
ditions are employed. After the first appearance both wirea are 
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alike in power unto the end of the current, and then a difference 
again appears which is complementary to the first. 

There are many variations of these experiments which one 
would wish to make, if possible, and perhaps by degrees thepos- 
sibility, or else equivalent experiments in other forms, may occur. 
If the wire employed were changed from a cylinder to a fkat 
ribbon of equal weight, or to several small wires, all being equally 
coated with gutta percha and submerged, differences would pro. 
bably arise in the time of delay with the same current; and I 
think that the ribbon, presenting more induction surface than the 
cylinder, would cause more delay ; but probably any one of these, 
or of like varieties, would cause the same delay for currents of 
different intensities. Again, one can scnrrely doubt that with 
ditferent conducting snl)stances, as iron and copper, the delay 
would vary, as is the case ni ilie transmission of sound and light. 
That tlie ilelay for currents of liiirh and low intensity should be 
the sanie for the same wire in auv one of such cases niav still he 
e\))ected, but it would be very interesting to know what would 
lie the fact. 

The prosecution of these results and the ])rinciples concerned 
in them, through the various forms they may assume by such 
like variations of the conductors and also of tlic currents, oti'ers, 
as Mclloni has observed, most extensive and interesting inquiries: 
even the power of a current to induce a current in neighbouring 
wires and conductors is involved in the inquiry, and also the 
phaenomena and principles of magneto-electric induction. 

Koyul Iiistitutiou, Feb- 7» 1^55, 



XXV. On certain Pro/iofiitions in Ifydrra connected with the 
Theory uf Fruhabililics. By Glukge Boole, LL,D,, Pro- 
fessor I if } fat hematics in Queen's College ^ Cork*, 

BE FORK entering upon the immediate subject of this paper, 
I wish to state the connexion in which it stands with my 
previous papers on the theory of probabilities, published in this 

Journal. 

If the reader will refer to what I have said in the conclusion 

of my second paper, published in the Autrust Number of this 
Journal for 1851, he will tind that the ( Ininis of tin- dnefrine 
which 1 have put ini ili are made to rest upon its satiataction of 
the following recpuremeuts : — 

Int. That tlif iiruK iples upon which its metliods are fuuudcd 
should be of an axiomatic nature. 

* Commumcattfd liy ttic Author. 
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2nd. That th^ should lead to resolta capable of mificatkmj 

wherever verifieation is possible. 

9nL That they should be capable of aayatematic devdopment 
consistent in all its parts and processes, and neither acknoir* 
ledgiug nor impoeing any limitationa but thoae which eiist m 

the nature of thuga. 

Now the principles in which, and in the mode of the application 
of which, that doctrine consists, have been fully stated in this 
Journal (December 1854). Ttj so far m they may be considered 
novel, they arc certainly in no ])r()per sense mathematical. 1 do 
not indeed conceive that they are in any respect novel, except 
that thev are brought mto a novel coiiiiexion, and are made the 
basis oi a new application. I do not think that any person com- 
petent to form an opinion upon these subjects would dispute 
such positions as the following : viz. Ist, that probability li rcla- 
tive — that it depends, not upon the actual connexions of thini^s, 
but upon those connexions as known to ; lhal the di- 

stinction of events mto simple aud compound is relative, and 
the selection of simple terms arbitrary and the offspring of lan- 
guage i drd, that merely logical oonnexions which are founded 
apon definition poaaeaa only a derived necessity, and that from 
the contemplation of things or events defined j and subject or mcA 
to relationa founded upon definition, we nwy ascend to the con- 
templation of things free, and only to be expressed by signs of 
larger comprehenaion, but from which, by introducing the limi- 
tation again, the conception of the more reatrictcd class may be 
derived. I say, for instance, that between the term ''king'' 
and some other term which we will suppose to desiirnate a mem- 
ber of a particular legislative body, relations founded upon defi- 
nition of the respective terms might exist, which relationa would 
cease to exist if we ascended to the larger terras of " ruler '* and 
legislator/' and \vould be restored when we imposed upon those 
terms the Ibrmer limitations. Now these arc principles which 
arc not in any proper sense murlieinatical. They would seem to 
beioug far more to the psychologist and to the inquirer into the 
nature of languaprc than to the mathematician. 1 have, however, 
shown that in connexion with received principles they form a 
valid basis for the theory of probabilities; and in my treatise 
on the Laws of Thought numerous verifications of the results 
of that theory will be found. I j)roeeed now tu that which I 
consider the most important of all, the proof that this theory 
satisfies the third aud last of the conditions above adverted to. 

The argument which I purpose to develope is the following. 
In the dononstration of the general method in probabilities, 
published in this Journal (December 1854) and in the Lawa of 
Thought, we ascend, in accordance with the third of the princi'^ 
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pies tbove stated, from the events whose protabUities are giwm, 
and whose logical eoonexion is eEpUdtly detennined from their 
AfinUkm, to events which are free^ and from which by limita- 
tion Uie former are derived* Of those ''free'' events^the unknown 
probabilities 9, t, &c. are involved in the final algebraic equa- 
tions to which the method conducts. As probabiiities they ought 
to admit of positive firactional values. Now it will be shown 
that they do admit of such values when the data represent a 
possible experience, and not otherwise. The conditions of pos- 
aibility in the data are identically the conditions of mathematical 
consistency in the method. Other important consequences are 
connected with this demonstration, to which attention will be 
directed. 

Pnporiikn I. 

Let y be a ratwiial and integral functwn of the n unknown 
quantities ... r, consistinr/ wimlly of positive terms, nnd in- 
volving all such terms as can be formed without introductny powers 
of g, ... z higher than the first ; also let V represent the sum of 
those terms in V which contain x as a factor, the sum of those 
which contain g as a factor, and so on. Then the sgstem of equations 

p^q^r beinjf poniwe fractiom, admits o/one loAiliofi, mid of only 
one, mposifh-r values of ike quantities x, y, • • m. 
To eiemplify this proposition, let ns suppose 

then it is affirmed that the system of equations 

aay^+cgg+ifay-f ftp 

axysf'^byx'^exz'k'dxy'^-ex^fy-^gx'^h • • W 

axifz -f hyz + dxtf -\-fij 



aX3f«7 + bys + cjlz + dxg + ea: -ifg 4-^^ + A 
axgz + byz + cxz + gz 



osyx-^hyz+m-^dgy-i-eK-^fg-tgz-^h 

all the cocliicients o, b, c, &c. being positive ami the quantities 
p, r positive and Iractional, admits ol uue, and oiily one, sulu- 
tiuu ili pu;^itivc valuer ui u,, y, z. 

It is evident that the prupositiou is true ulien rr = l; for 
then we have \=sax-^b, and the system (1) is reduced to the 
single equation 
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whence hp 

"(I-P)' 

and this single value is positive if Oj b, aud p are positive, and 
the last iractional. 

Now the general proof of the proposition conBiata in ahowing^ 
that if it ia true for a partictilar value of it ia tme for the next 
greater Talue^ and w on ad infinitum, Wh^refore^ aince it ia 
aetaally true for the case of it= 1> it ia tnie nniveraally. 

We shall therefore hegin by assuming that the proposition 
ia true for n~- 1 variablea. And making this aaaumption^ let ua 
suppose the first n— 1 equation of the system (1) to be satisfied 
while g varies from 0 to GC, and seek under these circumstances 
the nature of the variation which the first member of the final 
equation of the system undergoes. 

Now if a particular positive value be given to z, the n— 1 first 
equations of the system (1) will assume the form of a correspond- 
ing system relative to the n — \ variables Xy y, ... which remain. 
Thus if m the ciiuations (2) and (3) we give to a particular 
positive value, and then make 

<u+<fsA, e^+«=B, i«+/=C, ^jr + AsD, 

tiiooc c(|uaiiun8 will heeome 

A^y+fii+Cy+D""^' 

kxy + Cy ^ 
AiyTHi + Cy + D 

A, Cy D being known positive conatantsj and this is a binary 
system derived ftoxsk the function 

V = Ary + Ba? + Cy + D, 

just as the ^y^tcm (2), (3), ( I) was deiived from the expression 
for V by winch it was preceded. 

Hence if the proposition be true for a system invohing n— 1 
unknown quantities, it will be true for that system which is 
formed by trivins: to r in the n — \ lir^st etjuations ot" (1) a parti- 
cular positive value. Aiul therefore to each value of r there will 
correspond a single set of positive values of the 7i — 1 unknown 
quantities x, y, ... determined by the solution of that system. 
That set of values \\\\\ of course vary as z vain b. Moreover, 
when the first member of the linal equation will be 0. 

This is evident from the form of that member as developed in 
(4)^ or in any other special instance. Vfh&i zss qc, the firat 
member of the final equation ia 1, aa is in like manner made evi- 
dent. Hence as z varies from 0 to oc, while the first 



Digitized by Google 



competed with the Theonf of ProbabilUiei. 169 

V 

equatioiis of the system (1) are satisfiedi the function ^ in the 

final equation varies continuously from 0 to 1. In aach vana^ 
tbna it niiisl at least once coincide with the value r. Hence 
there must be at least one solution of the entire system (1) in 
positive values of 9, y, z. It remains then to show that there 
cannot be more than one such solution. If there be more than 

V 

.one such solutioUy the value of ^ must, in the vacation above 

deacribed, more than once coindde with r; and therefore^ vary- 
ing continuously, it must between such points of coincidence 
adaut of a maximum or minimum value. But it may be shown 
that there ensts no such value. The nature of the proof of this 
proposition will be best illustrated by a particular example. 

Let us take the particular case in which f»s2. Our equa- 
tions then are 

axy -\-hx _^ 

(uy 



axy + cy 



and we are to inquire if it is possible to satisfy, by positive values 
of X and y, the conditions 

axu-^cu . . . 

[ ^ .= maximum or mmimum. 

Differentiating in the usual way, we find, after slight reductions, 

(mj + 6) (cy + d)dx -f (ad^hc)xdy — 0, 
(ad — bc)ydx -j- {ax + c) {bx -\-d)dy= 0, 
from which, eliminating dSv and dy, 

(ay -I- A)(€y+iO(^ + c)(&r+i)— (arf-6c)VyaO ; 

or developing, 

a%ca:h/ -|- ob [ad -i- bc)x^y + ac[ad + bc)xy'^ -f ab^dx^ 

2abcdxy + at^ify'^ + bd(4id-^ be)x + edifld-^ be)y + bed^^O. (7) 

Now this equation, since its first meml>er consists wholly of 
terms of positive sign, cannot be satisfied by any set of positive 
values of x and y. Hence, by tlie previous reasoning, the system 
(5), (6) admits of one, and of only one, solution in positive values 

of X and 

The class of functional determinants, to use Jacobi's expression, 
exemphfied in the first member of (7), and obtained in like 
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manner from the ternary, quaternary, and higher iystenw derived 
from (1) by the assignmg of the aneoessive values of 8, 4, &e. 
to Uy is possessed of remarkable properties. BefMresenting by 
H»the function thus formed from the system of n eqnationa^ i- 
have obtained by a laborious analysiay the relation 

H„ = V--^K, (8) 

where K is a rational and integral fimction of the n unknown 
quantities a:, ... consisting wholly of positive terms. Thus, 
in the above case of rt=2, where is expressed in full by the 
£rst member of (7)^ it would follow that 

U«sV(a6csa^+a^+<H^-ha^> ... (9) 

wherein 

V=fla,yH-6x-|-cy-f (10) 

as may easily be verified. In this ease the functions V and K 
are redprocaUy related. If to V we assigned the actual form of 

we should find for K the form of with the addition of a 
constant frctor. 

When fisdj we have, in like manner, 

H,=V«K, (11) 

wherein 

and here K is a wholly positive function of the sixth degree, 
which, if we exhibit oiuy its initial and final terms, may be thus 
expressed, 

IL^abcdxhfH'^ "f {adfc + abdc)a^z + {abce + acd^jx^yz'^ 
•k'(abef+abdg)z:i^^ ... -k-efgh (\%) 

The proof which I have obtained of the simply positive cha* 
meter of the function K is rigorous up to the ease of 11=4, and 
it is further of sueh a nature as to leave upon my mind no doubt 
of its genenU truUi. Assuming, as I venture to do, that it is 
generally true, the argument stands thus : 

Since H. is wholly positive, the equation 

H„=0 (13) 

admits of no solution in positive values of x, z, Uenoe the 
V 

function ^ in the finsl equation of the system (1) admits of no 

maximum or imniiimin value, while x, ij, z are positive, and the 
n— 1 first equations ot the system are satisfied. Hence in the 
variation of z ivom 0 to Qc, there is on* ])oint, and only one, at 
which the entire system (1) is satisfied by positive values of 
Xf y, * ' Hence, finally, that system admits of one, and only 
one, solution in positive values of those quantities. 
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Proposition 11. wttU connected problem, • 

If N be a rational and integral /unction of the n variMu x,y, . . z, 
eomisting wholly of positive terms, but involving no powers of the 
variables higher than the first, and if V, represent the aggre- 
gate of those terms in V which contain xas a factor, Vy the aggre- 
gate of those which contain tj as a faetOTf aid %o on; then if we 
form the sgetem ofn equations 

that system camot have more than one solution in positive valuee 
of X, y,*>z. And m order that it may have one mtek eohUum, 
certain eondiiione nmet in generai he eatiefied hg the qmrnOHee 
p, a,, . r; which conditione it ie required to investigate. 

Of the general proposition I shall not attempt to give here a 
fnHy developed proof. I purpose only to ^ve nich an accouniK 
of the proof, together with special illiutrations> as may place the 
reader m a pofdSon to supply deficiencies. 

I shall begin with the investigation of the conditions between 
p, q, &c. 

t^hen x,y,ztae positive, the first member of each equation 
of the system (14) is in general the sum of a series of proper 
fractions, llius if 

Yssasegg'^byV'k-cxg+dxy-^-e, 

in which case the system (14) becomes 

asyzj-cvz-^dxg _ 
axgz'^byv^eseg-\'dxg'\-e ""^ 

aa:yz-\-by2-\-cwz-\-dxy-k-e ' ' 

axyz -h by 2 -f cxz 
axyg'\'byz-^cxz-^dxy-^e J 

and if we make 

amgv ^ bgg exx dxv e 
y—^\ -^^fh -y-^^f -y-^P* 

it is evident that X, fi, v, p, aud a will be proper fractions, and 
that the system will assume the form 

X + /i+ v-|-p-J-or= 1 

the last equation lesulting from definition. And to these equa« 
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tiom we may add the ineqnatioDa 

X = 0, fi^O, y^O, p = 0, a^O. . . (17) 

The mode of eliminating X, fi, v, &c. from thr above combined 
■ystems is privcn in my paper * On the Couciitiuus by wliicli the 
Solutious of Questions in the Theory of Probabilities are limited/ 
published in this Journal (August lH5i). And i\w actual eli- 
mination leads to the following results : viz. 1st, tliat jj, and r 
must be positive fractional quantities; 2nd, that they must 
satisfy the conditions 

q-^r=p, p^r^q, pi-q^r. 

These conditions, then, lai^l must be satisfied in order that 
the system (15 ) may admit of solution in })ositivt: valm > of 2 , y, 2. 
To the (jtuiuLily r they assign the inferiur limits — <^ and <^ — 
and the suptrior limits and 1. 

Exactly the same method is applicable to every form and 
variety of the system (14), the final mult always being a system 
of linear inequations connecting the fractional positive qnanti- 
tiesp, . . r. 

The conditions above determined are, moreover, the only ones 
which are necessary in order that the system (14') may admit of 
a solution in positive finite values of the variables x,y,,, z, that 
case alone excepted in which one of the variables appears as a 
common fiwtor in, or is wholly absent from, the terms of V, 
such variable admitting then the values 0 and a. This pro- 
position is true in the case of nss 1, as is obvious ; and it may be 
shown that if it is true for any fmrticular value of n, it is true 
for the next greater value, and so on ad infiniium» Whence its 
general truth follows. The most important steps of the proof I 
subjoin. 

Assigninff to r in the n-^l first equations of the system (14) 
any particubr value, those equations degenerate into a system 
of equations among the n — 1 variables Xj y, &c., from which, by 
assumption, a single positive set of values of those « — 1 variables 

may be determined. These values substituted, together with 
the assumed value of ^ in the first member of the \mt equation 
V 

of the system will give to that member a corresponding 

value /. In order, then, that the system (11) may admit 
of a solution in positive values of x, y, r, it sufticcs that the 
limits of the quantity /, as z varies through the whole extent of 
positive maj;iuti!tl( from 0 to QC , should Tiot transcend those 
of r. For if the limits of r be wider than tiiose uf /, th< n r will 
admit of values, which, while they satisty the linear coudiUuu3 
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before assiffned, do not permit us to Mtiify the lyttem (14) by 
poeittTe vutiee of x, y, z. 

Now u z TarieB from 0 to oc^ < will wy oontinuoiisly from 
the highest of the inferior to the lowest of the superior hmits of 
r. Of this proposition I am not prepared to offer at present a 
perfectly general proof, though I hare no doubt that I posses;^ 
all the elements of such a proof. I am content to state that I 
have met with no special case in which I have not bcrn able to 
prove it, and by a general method ; but that a difficulty, pro- 
iMibly of notatiouj intervenes at present between this and the 

reral proof. The following particular verification may easily 
applied to all the cases m which fi=8. I apply it to the 
^8tem (15). 

If \vp rU'ar of fractions the two lirst equations of that system, 
antl ;ir; ;iii',^e th;' result with rcferrncr to r and y, and if at the 
fiaiuc time we equate llie tirst innnber of the erjuation of 
that system to t, clear of fractions, and arrarHre in hkc nmnner, 
we shall have, writing for simplicity pf, ^, /' for \^p, I— 
1— / respectively, 

( ap*2 -f iljJ)Qey + qf/zx-^bpzy ^ep^Q 

{fl^z + d^xy^cqzs + brfzff'^eg^O 

\aifz~-d()9yA- dfzx-^bfzff^et^O. 

The elimination of sc and y from this system will conduct to a 
final equation between z and t, the solution of which wiU deter- 
mine the value of / when z is given. Hence it will determine 
the value of the first member of the final equation of the system 
(15) when a particular value is assigned to z, while the two first 
equations of the system are satisfied. 

Effecting, then, the required elimination, we obtain a result 
which may be thus written, 

AD-BG=0, (18) 

the functions A, D being eHminants* having the follow- 
ing expressions : 

rq/z-^tfpf, qfz, -bpz-s 
ii^<0(fz-\-d^, ^cqz, b4/z>, 

[fit'z-dt, ci^z, dt'zJ 

{cf/z, -hpz, ^ep^ 
-cqz, bq'z, -^eq L 
efz, bi'z, ^etJ 

* I use this term nith Prufe&sor De Morgan in preference to the term 
" detennhunilB." Mr. De Morgaa's reasons, which appear to me oonda- 
ttve, wSl be found in a note to a veiy able memoir ' On tome points in the 
Theory of DifferentinI E(}uatioiia»' ta a recent Number of the Cambridge 
Ptulotophicai Tranaactiona. 
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B 



sz< b^z, -eq, a^z-hdq' L 
L bt'z, —et, adz—dtJ 



— a^z-^d^, —eqz 

— ef, afz-^dt, efzJ 

From the consideration of these tormSj we see that (18) may 
be expressed in the form 

Pir^+a:^ + K^ + S^=0, .... (19) 

P» Q, R, and 8 not involviiig z, but being ftmctions of i and the 
constants of the original system (15). 

The limiting forms of the above equation^ as / approaches the 
respective limits 0 and infinity, are evidently 

the former of these gives, on constructing the expression for S 
by means of (18) and of the expressions for A, B, C, D, 

--bp, -ep, dpf->i r-ep, dpf, <yS 

-l V, -eq, dq^>x^ -6^, d^, -cq ^^Oi 

whence, developing and dividing by the constant factors bed and 

edc, we get 

/. g orq^p (20) 

In precisely the same way the equation PsO gives for the 
values of i corresponding toz^ cc, the relations 

—cqy bqf, —eq l-snO; 

which on development and division by the constant factors 060 
and gives 

whence 

^9 1 or (21) 

But the values (20) and (21) thus clcti rniined for the first 
member of the final equation of the system (15), when assumes 
the respective values 0 and infinity, are precisely the values 
before a^»rmined for the Ihnits of r. 

Further, it appears, as was to be shown, that if we assume 
x,y, zto be/ioMAwe quantities satisfying the two first equatioiis 



ajJy cji/y —bp 
-l aq', —cq, bq > x 
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of the system (15}, first member of the ilnal eqiiati0n wH, 
when jrsOy ooincide with the highest of the inferior limits of r 
shove determined^ snd when zsza: with the lowest of the sapexior 
hnits; for the higjiest inferior and the lowest superior limit 
are the true limits of r, as above determined, on the assnmptioii 
that X, y, M are positive quantities. And therefore they are the 
true limits of the first member of the final equations under the 
ssme conditions. 

Thas it has been shown that as jr Tsries from 0 to infinity^ 
while a and y are positive quantities constantly determined so 
as to satisfy the two first equations of the system (15), the first 
member of the final equation of (15) will vary from the highest 
of the inferior to the lowest of the superior limits of r. In the 
variation it must once, or more oftrn, rnincidc with the actual 
value of r. But that it cannot more often than once comcide with 
r is evident from the constitution of H, (Prop. I.), which docs not 
pennit tliat the function in question should ever resume n former 
value while 2 continues to increase. For if such rcnuniption 
vv( re possible, a niaxuniim or minimum value of the function 
would intervene ; and this, as Il„ continues to consist of positive 
terms only, cannot happen. One solution therefore exists, and 
one only, of the system (15) in positive values of . . r when 
the linear conditions of inequality among the quantities ptq,. * r 
sre satisfied, and then only. 

The reasoning is general^ and serves to establish the general 
truth of the proposition. 

Pmptmtion III. 

Tke eoniUum wMeh mutt be eaii^fiii tn order thai ihe final 
olgebrak eyHem ofequaHone 

^«Y!„.«V, (22) 

It) whichf by a general meihod, the solution of quest wits in the 
thfonj of jyrobahilities is reduced (Laws of Thoup^ht, p. 270, 
i'inl. Mag. December 1854), admits of a single soiuiion or j)osi' 
live fractioiial values of 8, I, frc, are identical with the condtlwm 
of possible experience in the data of the problem. 

The function Y in this nropoaition is the sum of a aeries of 
terms which we may by analogy term algebraic eonstituenta. If 
the number of variables s, t, be two, the possible slgebraie 
eoostituents ace 

and V consists of some or the whole of these. is the sum of 
those constituents of which « ia a factor, and so on for the others. 
The algebrate ayatem (22) is derived firom a logical equation in 
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which 9t, «(1 — ftc. oocur astheoonBtitiieiitaj properly so called^ 
of a logical development, ^^^^ theiem a ]<^cid, and not a 
quantitative interpretation. That the eonditions of possible 
experience nw he dednced ffom inch a development haa heen 
shown in my last paper on the Theory of Probabilities, published 
in this Journal (Dec. 1864, note) . It is most convenient^ indeed^ 
to deduce them from the immediate data. This is the course 
which I have adopted in my paper 'On the Conditions, &c/ 
(Phil. Mag. August 1854). mt they may also be deduced from 
the final logical development ; and the results are necessarily 
equivalent, inasmuch as the final development and the initi^ 
data are connected by a chain of analysis founded upon those 
laws of thought which are the basis of ordinary deductive rea- 
soning. 

And hence it will suffice to show, that the required conditions 
of algebraic solution of the system (22) arc the same as the con- 
ditions of possible experience determined from the logical deve- 
lopment from whifh the algebraic system is derived. 

To determine the eoiiditir>na of algebraic solution^ let us tirst 
place the system in the form 

and then assuming 

1—,='. prrf'^' 

we obtain a result of t be form 

agreeing with the form considered in Prop. II. 

Thus, if we have 

V=r,<U+t<(l-tt) +t(l-.0»+ (l-<)^«*+(l-*)(I"OU-«). (^) 

in which case the system (22) becomes 



«/u+«^(l 






V 


stu-\-st[\ 


— ii) + (l--«)^w 




V 


StU-{-8t{X- 




V 



(24) 



And if we therein make 



e t u 



Digitized by Google 



eamueied with the Thkfy of ProbahUUieB, 177 

we obtam a system which agrees with (15), the constants a, b, 

€, d being made severally equal to 1. 

The conditions which must be fulfilled in order that the trans- 
formed system may have a single solution in poMtive vahies of 
Xy y, z, depend, as it has been seen, on the analysis ot" (l(i), (IT'), 
lajt Uij then st i k what would be the conditions of possible ex})c- 
rience in a ptoblem, in the solution of which we should be con- 
ducted by the general mcihod in probabilities to the algebraic 
system (24). 

That system miut arise from a logical equation 

V=l, (25) 

uid a ooimected system of data^ 

Prob. $^p, Troh. t^q, &c.^ 

B, /, &c. being logical symbols. I^Iorcover, V as a logical func- 
tion is identical in form with V as an algebraic function (23). 
Now by virtue of (25) all constitoents vanish cxcepi. tiiosc which 
are found in V. Hence 

Prob. Prok {«/tt4-«^(l-tt)H-«(l--0«}=i'"l ^26) 
Pfob. fsFlrob. {«Ai+«<(l-«)-f(l-«)A«}»9J ' 

Moreover, as V = l denotes, as a logical equationj the ceriamty 
of the event V, we shall have 

Prob.V=l. ...... (27) 

Hence ii we make 

Prob. tlvsX, Prab. (1 s)tu^fi, Prob. s{l 

Prob. si(l -«) =p, Prob. (1 -*) (1 -/) (1 - u) = a, 

we shall have ifom (26) and (27) 

X+v-f p=/) 

to wbich^ \, fi, V, &c« being probabilities, we may add 
XJO, A*>0, v>0, f>>0, OP^O. 

This combined system is, moreover, identical with the com- 
bined system (IG), (17); aud the mode - I elimination being the 
same, it will furnish the same final relations among //, for 
the conditions of possible experience, as arc furnished by (16), 
(17) tor the conditions of algebraic solution of (15) m positive, 
and as w c have afterwards shown, of (24) in positive fractional 
values of the variables involved. 

PhU. Mag, S. 4. Vol. 9. No. 58. March 1855. N 
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Now there is nothing special in this reaaoning. It is equally 
applicahle to every form of and eatablishea the identity of the 
conditions of possible experience in the data of a question of 
probabilities^ and those of mathematical oonaistency in the final 
processes by which the question is solved. 

Other remarkable eonseqaences^ to which I shall but slightly 
advert, flow from these investigations* 

Thus it follows from them uiat the numerical value of any 
probability determined by the general method will always^ pro- 
vided that the problem De a retU one, satisfy those necessary and 
sofficient conditions of limitation, the mode of determining which 
I have illustrated in the August Numberof this Journal (1854). 

It follows hence, that two modes of procedure are open to us 
for the limiting of the solutions of questions of probability. We 
can either determine simultaneously the conditions of possible 
ezperienoe and those of final linutatlon, by the special method for 
this purpose developed in this Journal (August 1854), or, dispen- 
sing with this preliminary inquiry, we can so order the process 
of solution by the general method as to cause the different sets 
of values of the quantities e, &c. to be distinctly evolved. 
Then, if among those sets thero be found one that is wholly 
positive, the conditions of possible experience will be implicitly 
satisfied, and the final value of the probability sought will itself 
also satisfy the conditions of limitation to which the preliminary 
inquiry would have conducted us. It is obvious that the former 
is the easier mode of proceduro. 

T would beg, in conclusion, to observe that I have in the 
analytical portion of this paper aimed at little more than to give 
an account of researches not yet quite finished. The general 

proof of the properties of the functions K and r~, I hope at no 

distant time to be able to complete and lay beforo the public. In 
the meanwhile I do not desire that they should be received with 
any greater confidence than the verifications actually furnished 
may seem to warrant. Of the function K it seems not impro- 
bable that other and important applications may yet be made. 
The conclusions to which these researches point is this, — that 
the theory which they are designed to test is a rigorously con- 
sistent one ; that the conditions of its mathematical validity are 
identical with the conditions of possible experience. Now I 
apprehend that this character is peculiar to the theory under 
consideration. Upon no nwrcfij nuithcmntieal basis eould a doc- 
trine possessing such capaeity of vcritication a posteriori rest, 
because other elements than that of number are involved in the 
inquiry. Some attention must be paid to the philosophy of Ian* 
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gnapre; so much at least as is necessary in order to appreliend 
thtj Uistinctioii brtwccii whatsoever is transitory or accidental la 
its structure, and whatsoever belongs to its foundations in 
thought, — foundations not less deep, aud not less solid, than 
those of geometry itself. 

Queen's College^ Cork. 



XXVI. Anafysis of the Mineral " Edinfftonite" 
By M. F0R8TSE Hbddlk^ M.D., FJt.P^.* 

THE nntatiflfiKtory nature of Dr. Tamer's analyns of Edingw 
tonite,-— unsatoifiKtory as to the little m8ig;htit affords oi 
into the oomposition of the mineral, on account of the krge loss 
aostained, — has long made it desirable that a second analysis 
should be undertaken; the eitreme rarity of the substance, 
boweTCr, has hitherto rendered this impossible. 

Several years ago I was so fortunate as to obtain a specimen 
of this mineral, and by inducing the dealer from whom it was pro- 
cnred to revisit the locality, several others were found, and I was 
thus enabled to sacrifice one. I have little to add to the mine» 
ndopcical characters already known. 

Tne associated minerals are analciine, harmotome in twins^ ca/c- 
^pcr, rubin-glimmer, ffreen-eorth in pseudomorphs after calcUe, 
and cluthalite. 

Specific gravity (determined on 130 grs.) 2*694* 
Translucent to opake. 
Colour — white, grayish -white, pink. 
Powdered mineral absorbs 1*614 per cent* of moisture. 
Occurs both crystallisedt And massivej. 
On finding that the crystals were invariably associated with 
harmotome, I was led to suspect the presence of baryta in this 
mineral, and my conjecture was verified by the qualitative ana- 
lysis, which showed silica, baryta, aiuminay water, and traces of 
lime and ?oda. 



The quantitative analysis (made on 25 grs.) afforded/-^ 





Per cent. 


Oxygen. 






Silica . 


• 36-98 


19-229 


2114 


21 


Alumina * 


• 22-63 


10-555 


11-62 


12 


Baryta . . 


. 26-84 


2724 


3 


8 


Lime • • 


• trace 








Soda . . 


» trace 








Water . . 


. 12-46 
98-91 


11-077 


1212 


12 



♦ Communicated by the Author. 

f New fipircj. ^hnwing an additional face, Trill he jriven in the fortb- 
ix>ming " bntuh Mmerulogy " of Mes«rs. Greg aud Ltttsoui. 
I One spedmcn in mj possesno^, partly aumive, weighs 2^ oz. 
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y/hich. gives the formula— 

a(BaO, Si 0«) +4( Al« O^, Si 0») + 12H0, 
ihe calculated pcNcentagea of which arcj — 





Atoms, 


Percent. 


Silica • • 


. 7 


37-274i 


Alumma . 


. 4 


23-751 


Baiyta • 


. 8 


26-614 


Water . . 


. 12 


12-461 



lu anotlier analysis I got '08 of strontia (?) and '22 of lime. 

For the sukc of comparison, Dr. Turner's analysis is appended 
in a foot note*; it will be obscivtd that the litnc and loss tuken 
together approximate the quantity of baryla obtained lu the new 
analysis. 

I would account for Dr. Turner's mistaking baryta for lime^ 
and also ao &r for the loss sustained, by supposing tbat^ from 
faaTing merely a few chipa of the mineral, be was unable to 
inatitute a prelnnhiary qiialitative analysis ; and that he (under 
the impreaaion that^ like most aeolitea^ it would he found to con* 
tain lime) added oxalate of ammonia, and so got the partially 
aoluble oxalate of baryta, which in the washing passed to a great 
extent through the filter, and if it was again noticedj waa set 
down as ''prohshly potash or soda.'' I would explain the mi»» 
take thus^ because 1 believe, not only that Dr. Turner was a moat 
correct analyst, hut that he never willingly shirked any of the 
intricacies; at die sametime a readier explanation might be offered 
in the fact, that at this time baryta was often taken for lime. 
Br. Thomson, for instance, was detected by Connel ^t^faiVmg 
baryta and strontia for lime in Brewstente, and by Damonr in a 
aimilar mistake with regard to *' Manemte»*' 

In virtue of its composition, as above stated, Edingtonite will 
take a most interesting place in the system^ ranking with hsf* 
motome and Brewsterite as the third barytic seolite; thus 

Brewstente (BaO, SrO) Si0>-|.A1>0>, 3Si 0>+5HO. 
Edingtonite 8(BaO, Si 0>) + 4(A1« 0>, Si 0^) + 12H0. 
Harmotome 3BaO, 2SiO^+4(Al«0», 2SiO») + 18HO. 

The original specimen of this mineral was stated to have 
oecurn il in cavities of Thomsoniie, 1 have never seen it thus 

associated. 

Before leaving Edingtonite, we would venture to throw out the 
* By Turner :— 

SOica .... 35 09 
Ahunina . . . 

Lime * « • • 12 68 
Water .... 13-32 
Loss « . . » 11*22 
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hint that the " Glottalite " of Thomson, of which only one speci- 
men has been found, and about which nothing is known, may 
turn out to be nothing but an impure mixture of Eilingtomte awdi 
hartnotome {\\\\\ch, as we have stated, invariably acrdinpanics it) ; 
the iocahty and charactcr.s are much the snnic. I'urner mistook 
lime for barytes, and wh\ not Thomson, wlio had before made 
the saiiK mistake. Granting this error, both contain the same 
elements ; the quantity of silica, which no one coukl mistake, 
agrees, and a ])erson not very conversant with crystallography 
jiiiglit fancy he saw both octohedrons and cubes in the faces of 
Kdingtonitf, ( s])ccially when the '^crystals were so mixed together 
that only a small portion of each could be seen.'' We may also 
mention that Glottalite^' was prociiiLil fVum the same dealer 
from whom we purchased our Edingtonitcs, 



XXVII. On tlie Law of Absorption of Gases. By 11. Bunsen, 

[Coucluded from p. loU.J 
9. Oxygen in Water, 

OXYGEN gas, prepared in the usual manner from chlorate 
of potash, gave,— 





' "C. 


CMflldc&t> 


1 


6-0 


0-04609 


9 


8-3 


004186 


a 


11-6 


mm\ 


4 


181 


003715 


6 


22-8 


003115 



During the agitation in the absorptiomcter the watei* became 
turbid from the formation of a black powder, and it was feared 
that the metals dissolved in the mercury had been oxidised at 
the expense of the oxygen in the water, and hence too large a 
coefficient obtained. The mercury employed was therefore pun* 
fied from all foreign metals, as perfectly as several long digestions 
with concentrated nitric acid would permit* The experiment 
conducted with the purified mercury gave the following results 



Ko. 


•c. 




Differanct. 


1 

s 

8 
4 

7 
8 


19-4 
19-6 
19*4 
19-5 
19 5 
19-5 
19-0 
190 


0 03109 
0 03199 
008909 

0032o4 
0 03215 

oHKtsia ' 

003458 j 


+0-00090 

-fO(X>i>52 
-0 00009 
+ 0 00047 
+000221 
- 0 00057 
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The experiment gave therefore, in fact, rather a smaller coeffi- 
cieut. In spite, however, of the most careful purification, the 
mercury always caused a black tiubidii^ ia the water, which 
percepLibly increased with agitatiun. Ihis circumstance, and 
the fact that the coefficients determined one atici- tlie other m 
the sauic liquid and at the same temperature always regularly 
increased, 6hoi\'ed that this method was not to be relied upon 
for exact results. I have preferred, therefore^ to determine the 
coefficients by an indirect method. 

If atmospheric air perfectly free from carbonic acid and un- 
monia be patted into boiled water, the amoont of oxygen abaorbed 
Yq, and the amount of abaorbed nitrogen Y, ia found hm tbe 
following equationa formerly deduced 

V - (R\ 
'^^"0-76(N + O)' 

^^^1 (4j 



0-76(N + O) ' 

Tlie first of tbeae equationa divided by die aeoond gi?ea 

NV 

-^fissa* As the composition of atmoapberie air^ t« e. the pro« 

portion pr, as well as tlie absorption-coefficient of nitrogen is 
Imown^ we only require to determine tbe proportion or the 

composition of the air dissolved in the water, in order to calcu- 
late oc, or the nlisoi ptioii-cof fficirnts of oxygen. Tlie elements 
for this calculation are found m tlie following experiments. The 
air, perfectly freed from carbonic acid and ammonia, was passed 
in a stromr stream lor half a day through the water, previously 
well boiled, which was kept at a eoustaut teni})eratui*e by immer- 
sion in a water-bath. The purification of tbe water must be 
conducted w ith the gixatest care. It must not be distilled in 
any vessel previously used for any organic preparation, as the 
slightest trace of volatile organic matter present is sufficient to 
convert a part of the oxygen into carbonic acid. It is therefore 
necessary to prove the absence of carbonic acid in the air boiled 
out from the water by a specinl experiment. The gases dissolved 
in this water were collected by a method which I made use of in 
my researches upon the gases of the islaiuln s])rings, and more 
fully deseril)ed by Dr. l^,unn( rt, lu Ina udmirubic r^sefti'ch upon 
the respirutiuu of the CoOUi^ fos&ilis. 
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Air from Ifater saturated at 1** C. 





Volume. 




•C. 


Yfll. at 0« 
Midi m. 


Volume of gti employed ... 


216-85 
376 16 
289-83 


0-2&ii 
0-4170 
0-3340 


y-7 

0-8 
9-9 


55-374 
151-414 
1 93-420 


Oxygen .... 31*91 
Nitrogen «... 65 09 

100*00 

Air from Water saturated at 0. 




Volume. 


Prca»ure». 


«»C. 


Vol. fttQO 


Vdame of gas employed ... 


165-99 
346-28 
288-78 


0^198 

0-3914 


9-0 

0 :» 
9i 


53-324 
130-994 


Oxygen • . . . 34" 73 
Nitrogen « • • • 65*27 

100-00 

Air from Water ioiwraied at 23'' G. 


1 




FkMivre. 


•c. 


Vol. at 0* 
and 1 m. 


Volume of gas employed ... 


206-67 
400-29 


0-2:i77 
0-4437 
0-8740 


9-2 
07 


51-497 
171-828 
117*000 



Oxygen .... 86'08 
Nitrogen .... 64*92 



10000 

From these experiments^ it is seen that the compotition of the 
air dissolved in water at variouB temperatures is alirays constant* 
The mean composition is^— 

Oxygen .... 84*91 saV^, 
Nitrogen .... 65'09=sy 

100-00 

The curre which represents the increase of the absorption- 

* In »1] \tpmt Tit^ of pressure m this fcsssfdi ^e^onectioa for tensum 
of th« f »pour Qi wiitor ui ineliuied. 
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coefficient of oxygen for decreasing tempcratnrea is therefore 
parallel to the corresponding curve for nitrogen. 

If wc take the followiag as the true composition of atmo- 
spheric air, — 

Oxygen . . , , 0-209G=O 
JNitrogeu .... 0'7904=N 

1*0000 

and substitute the values of V|, V> 0, and N In thefofmereqoa- 
tiouj we obtain the value of the absorption-coefficient of oxjrgen 
«=2'0225y8j when /9 is the absorption-coefficient of nitrogen. 





Coefllcieat* 


IMfefnn* 


•c. 


Coefldcnt. 


Diflaenee.j 


"C. 


CocOdeBt. 




0 
1 

a 

3 
4 
5 
6 


0 04114 
0<M007 
IKNI907 
003810 
0 03717 
4HNie28 
<M)e644 


0 00107 
0 00100 
0 00097 
000093 
OfW)()89 
000084 


7 

: H 

9 
10 
11 
12 
13 


003465 
0-033H9 

oos^ii; 

0 03250 
003189 
0*03133 
0 03082 


0 0007U , 
0 00076 
0 00072 
0 00067 
000061 
0*00066 
0-OOOSl 


14 

15 
16 
17 
IH 
19 
20 


0-03ai4 

0-021)89 
002949 
0*02914 
0 02884 
002858 
0*02838 


0KM)048 
000045 

000040 

Ofmo.35 
000030 
O-OOOM 
<HNKISO 



10. Atmo^phme Ahr in Water, 

We have seen in the former part of the paper that the relative 
proportion in which the constituents of a mixture of gases are 
absorbed by water does not alone depend upon thdr several 
absorption-coefficients, but also upon the relative proportions in 
which they are mixed . If the absorption-coeffidents are diffieren t, 
the gases dissolved in the water are not in the same relation as 
those in the free gas. This last undergoes therefore a change 
in its composition, which varies with the rdaUon of tiie mass of 
the water to that of the gas. For this reason the absorption- 
coefficient of a mixed gas can only be calculated from the relative 
proportions of the constituents and their several absorption-co- 
efficients, when the volume of the gas is so great in comparison 
with the mass of the absorbing liquid, that the alteration effected 
by the absorption in the composition of the residual gas is inap- 
preciable. The true absorption-coefficient of air is therefore 
found only in those plianomena of absorption in which these 
conditions are fully carried out. 

If we take, as above, for the mean atmospheric compositions- 
Oxygen .... 0*2096sO 
Nitrogen . . > . 0*7904ssN 

Toood 

by sub-tit , ting the value 1 for N + 0, and for V and for P the 
value 0'70, and lastly, for N and O the above values,- we obtaiv 
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the required coefficient c for air and water from the following 
equation : — 

0 76(N + O)' " 076(N4-0) ' 

which give 

c«0-2096a+ 07904^. 
The folbwing table is calculated by the aid of this fornnila 



•c. 


CocflcieaL 


0 


(Hmji 


1 


0<>2406 


2 


0-02^45 


3 


0-02287 


4 


002232 


5 


0 02179 


6 


002128 



IHfference. 



000065 
0-00061 

0-00058 
000055 
0 00053 
O-OOO01 



Co cC c i CDt. 



7 
8 
9 
10 
11 
12 
13 



0-02080 
O-OS034 
001992 
0 01953 
001916 
0-01882 
0^1851 



0 00048 

0-00046 
0 00042 
0^)0039 
0 00037 
0 00034 



14 

15 
16 
17 
18 
19 
90 



0-01822 
0K»1795 
001771 
0 01750 
001732 
0-01717 
0-01704 



0-00029 

000027 
0 00024 
0-00021 
0-00018 
0 00015 
000013 



Pig. 5 (Plate I.) gives a graphic representation of the solubility 
in water of some of the gases examined. 

The following absorption-coefficients of chlorine, sulphurous 
acid, and sulphuretted hydrogen, were not determined in the 
absorptiometer, but by chemical methods, which will be fully 
explained by Dr. Schonfield in his research upon this subject. 



c. 



0 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



BOb. 



68-861 
67-003 



SB. 



43706 
4-2874 



65 169 4-2053 
63-360 4-1243 
61-576' 4 0442 
69-816 3-9652 
584100 3-8872 
56-369 3-8108 
54-683 3-7345 
53 021 3 6596 
51-388 8-5858 
49-770' 3-5132 
48 182, 3-4415 
46618 3-3708 
45-079 3-3012 



CI. 



43 564 
42 073 
40m 

39- 165' 
137-740 



3-2326 
31651 
8-0986 

3 0331 
2 %H7 
36-216 2 9053 



2-5859 

2 5413 

24977 

2-4543 

2-4111 

2 3681 

2-3253|, 

2-2828f 

2 2405 

2- 1984 

2*1565 



21 
22 
23 
24 
25 
26 
27 
28 
29 

ao 

31 

32 
33 
34 
35 
36 

57 
38 
39 
40 



SO. 



SH. 



a. 



34-986 2-8430 
33-910 2-7817 
32 847 2-7215 
31 8(K) 2-6623 
30-766 2 6041 
29 748.2 5470 
28-744 
27 754 
26-780 
25-8 19> 
84*873{ 
23-f?42 
23 02o 
22- 122 
21-2341 
20 361 
19-5021 
18-658 
17-827' 

17 013l 1-8569 



21148 
20734 
20322 
1-9912 
1-9504 
19099 
2*4Me|l*80»6 
2-4357' 1-8295 
2 3819' 1-7895 
2 3290, 1-7499 
9^9771 17104 
2 2262i 1-6712 
2 1764 1-6322 
2 12771 1 5934 
2 0799 1-5550 
20332 1-5166 
1-98761 1-4785 
I •943W 1-4406 
1 81)94 1 4029 
1-3655 



The coefficients of absorption of a number of gases having 
been thus obtained, \\c nrr enabled to verify experimentally the 
forinulcE which were deduced from Dalton's hypothesis. 
. If . a volume of a simple gas^ whose absorption-coefficient is 
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be twice absorbed from the same volume h of water, at the same 
temperature, but undtr different pressures P and P,, the amount 
of gas abi^orbed in the two cases is^ according to formula (2)^ — 

Hence followt 

The following determinations made with the abhorptio meter 
show, within the limit of the experimental crrore, that the amount 
of carbonic acid absorbed in the same Tolume of water at the 
same temperature increases proporttonally to the corresponding 
pressures Fa« 

Carbonic Add at 19°*9 C. 



No. 


p. 




P 


Ml 


1 
t 

4 


0-5948 

05237 


27 08 


1-88 

1-39 

1-39 


1*48 

1*48 
1-42 


Carbonic Acid at d<>'2 G. 


' We. 






P 

K 




1 
S 
8 


0*5244 
0-6467 
0^70 


31*41 
88*66 
88*49 


0*8109 
0-8106 


0-8125 
0-6161 



This ratio between the absorbed gaseous volume and the 
pressure is more clearly seen in cases in which the partial press- 
ures occur, t. €• in. which alterations in the pressure are effected 
dilution with another gas. The formula (14) gives a oonve» 
nient statement of this relation, 

J? ' W—B A 

^ + A-13 'W 

13y means of this fornmla tlip romposition of a inixturo of two 
gases can be calcuhitcd when tiic iulluwing quanUiif s arc L:i\ rn : 
a, the absorption-cocflicient of the tirst gas, 13^ that of the ( (uid; 
V the comnion volume of both gnses before the absor])t ion under 
the pressure P J V, the residual volume after tin: absorption 
under the pressure i\ ; ninl laatly, the volume h of the absorbing 
water. If the composition of the mixture calculated from ilicsc 
eKperimentai elements coincides with that found directly by 
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eudiomett'ical analysis, it iiuiy be concluded that the formulae 
based upon the ori^nal premises are true, and that the law is 
not only applicable for total, but also for partial prcssiurcs. 

Mixtures of carbonic acid and hydrogen were employed in thq 
following experiments :— 

Eitdtom efr ic dt I arm in a t ion . 





Volume. 


Prcuuie. 


°c. 


1 m. 


Amr addition of ctriMwiflaeid. 




07S69 


13-6 
18-5 


82-87 
89-63 



.Compositioii of the gas in 100 parts 

Hydio^ .... 92*46 
Carbonic acid . • . 7-54 

iuu-uo 

Ahiorptumuirie Ikterminaihn of the same Gas. 





V«lwDe. 




•C, 






18094 
12301 


0-536S 
0-6809 


15*4 
5-5 


171-29 
11961 



Volume of absorbing water 



=356-7 
3561 



^lean «... 356*4* 

From this the following dements of the calculation are ob- 
tained:^ 

Ps(H)5368; P,=0*e809; «al*4199; A=856*4; 

V= 171-29; V, = 119-61 J /3=00193i 
•nd hence the composition^ — 



Absorptiometiie. 
Hydrogen . . 0*9207 
Carbonic acid . 0*0798 

10000 



Budiometric* 
0*9246=r, 
0*0764=9 



10000 



By the bdp of the fornnilse^ 

— ^ _ AB| _ y _ AjB 

*+y'"AB,+A,B' ar+y" AB, + A,B' 

the composition of the gas remaining after absorptiou over the 
water is obtained. 
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Hydrogen . . . 0-9829 
Carbonic acid . . 0 0171 

ioooo 

As the gaseous mixture after absorption was sabjected to a 
pressure F|S=0"**6809, the partial pressure upon tne carbooie 
acid was in this experiment tftP|Ss0n*0116, that of the hydrogen 

Experimmt II. 

Eudiometric detemimaliun. 









•C. 


Vol. St KBd 










1 m. 




G2'2 


06441) 


75 


39-03 


After addition of carbonic acid. 


82*1 


0*6649 


6*4 





Composition of the gas :— 

Hydroiren . • . 0*7319 
Carbonic acid . . 0-2681 

1-0000 



Absorptwmetric Analysis of the same Gas, 













119<03 


0-4951 


e-s 


First absorption 


72 02 


0-6116 


51 




60*39 


0*7297 


12-8 


7M1 


4hM0 


S3« 



Volume of absorbing water : — 

206-83 

20G-G1 - ' 

206-61 

g07-ll 

Mean . . ' . 206*79 
Hence follows for the first absorption,— 

P= 0*4951; P, =0-61 16; «=1413J, A =206*79 i 

V-11903; V,=72-0iii i8=00193. 

For the second absorption 

PsO-4951; P,=0-7297; «8l-0726; A»206*79; 

V=119 03; V, = 60-39; /8=0 0ii>3. 

For the third absorption ; — 

F»0*4951; P|»0-6020; «=sO-8655; k^20679} 

y» 11903; V,« 75-71; /9«00193,. 
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The calculation of the Erst absorption gives^— 

Absorptiometric. Eudiometric. 
Hydrogen . . . 07343 07319 
' Carbonic acid . . 0-2657 0-2681 

10000 1 0000 

The composition of the residual renudiung after ahaoip- 
tuniy caleulated from the eudiometnc analyBu, i^-— 

Carhonicaeid • • • 0*0699 
Hydragea . « • • 0*9801 



OIIII 



1 

Hence the partial pressure of the hydrogen is 0°^*5688, and 
of the carbonic acid 0^*04275. 

from the second absorption experiment we obtain^ — 

AbsorptiomeCrie. Eudiometnc. 
Hydrogen .... 0*7372 0-7319 
Carbonic acid . . . 0-2628 0-2681 

1-0000 10000 

Also the residual gas after absorption :— > 

Carbonic acid 0 07712 

Hydrogen 0'92288 



•IIIIIIII 



1 

Menee follow the partial pressures under which the absorption 
took place^ for the carbonic acid Q^'056S, for the hydrogen 
0*^*6784. The third absorption gives the following composi- 
tton:^ 

Absorptiometrie. Eudiometnc, 
Hydrogen .... 0 7285 0-7319 
Carhonicaeid . . . 0-2715 0-2681 



10000 1*0000 
lia gives a lesidnal gas of the eompositionj— - 

Carbonic acid 0*1086 

Hydrogen \ 0-8964 

10000 

The pressure of the carbonic acid is here 0"^'06236^ and of the 

hydrogen 0^5896. 

The mma horn these three determinations^ compared with the 

swiiiBiiiMtrfe ma^yais, gives^ — 

Abtorptioaietrie Endiometrie 
analysis. analysis. 

Hydrogen . • . • 26-67 26-81 
... 73-33 73-19 




100*00 100*00 
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How far beyond the examined limits the law may be considered 
B8 true cannot be a priori determined. It is^ however^ more 
than probable that in this law, as in the law of Mariotte, a limit 
exists beyond which the regularity of tlie aetioii is diitorbed by 
varying molecular influences. The limits of the exact action of 
the law are however quite eztenaive enough to enable us to draw 
some very interesting condiisions from the subject. Eudiome- 
try, for example, gains from the law of absorption an entirely 
new sphere of action, enabling it not only to determine, without 
any chemical exp^iments, the simple or complex constitution of 
a gas^ but also to recognise the nature of the component parts, 
even indeed to estimate their several proportions, when once for 
aU the absorption-coefficients of the gases are known. To show 
that such an abaorptiometric determination can serve as a reactioii 
for the detection of gases, I chose an experiment with marah 
gas, which satisfactorily proves that results are attainable even 
when the values of the absorption-coefficients eiUployed in the 
calculation differ but little from each other. 

Relying on the results of eudiometrical analysis, it has been 
hitherto supposed that the gas obtained by the action of a hy« 
drated alkali upon an alkaline acetate at a high temperature 
was marsh gas. Although this supposition has scarcely ever 
been questioned, still idl positive proof of the Duct fsils. Frank- 
land and Kolbe have shown that two volumes of marsh gas by 
eudiometrical explosion react exactly as a mixture of equal 
volumes of hydrogen and methyle. fioth give for every volume 
a volume of carbonic acid, and requirc for thdr combustion the 
double amount of oxvgen. Eudiomctric analysis leaves it then 
undecided whether the gas evolved from the alkaline nct fates is 
to be considered as marsh gas, or as a mixture of methyle and 
hydrogen. By means of abaorptiometric analysis this question 
is very readily and surely answered. If we start from the sup- 
position that the gas in question is a mixture of equal volumes 
of methyle and hydrogen, a volume V of the gas, at 0° and 
under 0*76 pressure, measured in the absorptiometer would con- 
sist under the pressure 0*76 of,— 

PV PV 

If this gas be agitated with A, volumes of water, the ol)served 
volume of the rcsidiKi! iiunb^orbcd cas ))ciiig V, under the pres- 
sure Pp the sum dt'tiie ahM i j^iioii'Cocliicieuts at the temperature 
of absorption ^tor hydrogen a, and tor methyle ^|) can be calcu- 
lated from iIk! observations. If we call the residual hydrogen 
arj, and the rrsidual methyle (both reduced to 0^ and 0*76), 
this Xi will, m consequence of its dilution with methyle, be 
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subject to the partial pressure ^^27^ , It is however absorbed 

under this pressure by the volume /<, of water. The absorbed 
volume of hydrogen, reduced to 0*76 pressure and 0° C, is 

therefore, according to the law of absorption, ^- a„ Aj. This 

absorbed hydrogen + unabsorbed Xi is equal to the hydrogen 
originally present, namely, — 

PV / ot^hA PV 

■(r76=^»V^+-V:J or 



2x0-76 'V V 
^^^^ \ V,, 2x0-70 



0-76ar 

If the value of is substituted in the expression — — we 

obtain for the pressure of the hydrogen in the residual gas 
PV 

^TTT j-r, and for the pressure of the methylc by similar cou- 

V,H-aj/<,) py 

siderations .tttt ttt-t* 

It follows, however, from the law of absorption, that the sum 
of the two pressures is equal to the observed pressure Pp We 
have then, — py py 

^' = 2(V, + «,A,)'^2(V,+/3,A,)' 

O'' 2V, 

An experiment made by Dr. Pauli with a gas prepared by 
heating acetate of potash with hydrate of potash, carefully freed 
from elayle and carbonic acid with fuming sulphuric acid and 
potash, gave the following elements for calculation : — 

Original volume of gas reduced to 0° . . . V =110*42 

The pressure on this volume P = 0 5005 

Volume of gas employed reduced to 0° after 

first absorption = 75*18 

Corresponding pressure 1^1= 0-6615 

Volume of absorbing water A, =318-11 

Temperature of the experiment 12°-8 C. 

Absorption-coefficient of hydrogen at 12°-8 . = 0*01930 
Absorption-coefficient of methyle gas at 12''-8 . = 0*05 M-6 
Absorption- coefficient of marsh gas at 12^-8 . 7| = 0-04100 
Thevolume aftersecoud absorption reduced tuO° V„ = 79*04 

Corresponding pressure P«= 0*6501 

Volume of absorbing water ^,=325 05 

Temperature of experiment = 24°'6 

Absorption-coefficient of hydrogen at 24^*0 . a„= 0*01930 
Absorption- coefficient of methylc at 24^*0 . . y3„= 0 04181 
Absorp^- 'coefficient of marsh gas at 24*^*6 . 7„= 0 03100 
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When this is calculated, negative values foru^-h^i 
^H'^^n ioMiiil from both absorption expcrinieuts, namely, 
—0*3325 and —0-34807, instead of the sums of the coefficieuts 
found in the tables for rnethyle and hydrogen, -f 0 0737G and 
+ 0*06111. Hence the gas in question cannot consist of equal 
volumes of In droc-cn and nicthvlc 

If, on the contrary, the same elements are used in the calcu- 
lation of 7, and y^^, under the supposition that the p"is i«< a simple 

one, two absorption-coefficients are obtained, which are ahiiost 
exactly the same as tliose found in the table for marsh gas^ at 
the temperatures l^^'^'S C. and 24P'6 G. The formula 

' 

gives for the abaotption at 12^-8 7|ss0*0189 instead of the 
actual value 0*0411, and for the ahaorption at 24^*6 7^=0*0888 
instead of 0*03166. From this agreement, we may conclude 
that the marsh gas prepared from acetate of potash is neither a 
mixture of hydrogen and methyle, nor a substance isomeric with 
natural mandi gas, but that it is actually the same substa&oe 
which streams from the mud^-volcanoes of Bolganak in the 
Crimea. 

Any general reaction to distinguish between the constituents 
of a gaseous mixture has hitherto been wanting. The quanti- 
tative composition of a gas obtained by eudiometrical analysis, 
depends almost entirely upon certain suppositions concerning its 
qualitative constitution. If, for instance, eudiometrical anafysis 
points out the presente of marsh gas, it remains quite unde- 
cided, as I have just shown, whether this gas is a mixture of 
equal volumes of methyle and hydrogen. If analgia shows the 
presence of a mixture of marsh gas and hydrogen, it is uncei'tain 
whether we are not experimenting upon mixtures of methyle 
and hydrogen, or of methyle, marsh gas, and hydrogen. All 
analyses in which the two latter gases occur together may be 
calculated according to either of these assumptions, without it 
' having been hitherto possible to prove the accuracy of either 
oue. 

It is rn^y, by means of the law of absorption, to remove these 
doubts, for the absorption-coefficients serve as the reagents 
which &tl in gas analysis, and they present also the peculiarity, 
that they not only show the qualitative, but at the same time 
the quantitative composition of the gas. Let us, for example, 
suppose that an unknown gas be mixed in an unknown volume 
X, with an unknown volume y of another unknown gas, we can 
then, by means of three abaorptiometric experiments, detcnuine, 
— Ist, what gases are present in the mixture, 2nd, in what pro« 
portions they occur. 
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The following is the method of solving this problem : — A 
sufficient quantity of the gas to be examiued is collected in the 
absorptiometeri and its volume, pressure and temperature ob* 
Benred. 

If the originally observed volume reduced to 0^ be called Y, 
•nd ill preasare F, we detain tlie equation 

1 = yp + (6) 

Three absorptions of the gaa are made with the volumea of 
water A|, and /tg, and the corresponding volumes and pressures 
reduced to 0^, VjFi, V^P^ V3P8, observed for a constant tempe- 
rature /. From these determinations, according to equation (6), 
we obtain the following^ in which a signifies the absorption- 
coefficient of the first gas, and /9 that of the second at the tern* 
perature t 

(V| + «A,)P, + (V»+M)P/ 

Prom these four equations the unknown quantities x, y, a, and 
P arc easily found. Tlie two last are the ordinutos of absorption 
of two ^nsrs for the tcni]ierature-abscissa /. If the numerical 
values of these are eiih ulated^ it is cn^y to find in the table the 
gas whicli Ikis the same absorption-coeilicieut for corresponding 
temperatures, and thus tiie nature of the mixture is determined. 
The values of t and ?/ trive also the relntive proportion between 
the constituents. The determmation ot a and jS is, in the case 
of two gases, not difficult. If we place PV^=flf, P,Vi = ff,, 
T^\^—a^ P3V3=fl3andF,Aj=6*, P^i,=6^, PaAs^^a* we obtain 
first, — 

ff — ^lM8(^-'g|)(^g--^8)~ +^^3^l ^^(«'-g3)(^--^ 

and when the eKpressions on the right of these equations 
represented by A and B,— * 

«+)3=A (20) 

«-^5= ± v^A«-4B. • . , . , (21) 

Pka. Mag. 8. 4, YoL 9. No. 68. March 1855. 0 
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The aoni of these two equations girei the value of their differ^ 
once that of fi. 
By help of these valaes « and IB, we obtauii lastly^ — 

xsza'-ff. • • f (23) 

As an example of auch a ealcnlation^ I select the qnalita^Te 
and qnantitatiye detennination of the gas prepared hy heating 
oxalic add with concentrated aulphnrie acid. Aa this gas alwa^rs 
contains small quantities of aufphuroos acid mixed with it, it 
was first passed thiough water in which hinoxide of manganese 
was suspended^ and the gas collected after the water had beea 
aatorated, and the atmospheric air contained in the appaiatos 
displaced. A eudiometrie analyaia of the purified gas gare»— 





Tofaaaa. 






After absor^Uuu ot carbonic acid 


142 9 
746 


0 6637 


20-2 ' 0270 
, 19-0 j 4629 



Carbonic oxide . 
Carbonic acid • 



Foimd. 
50*06 
49*94 



Calculated. 
60-00 
50-00 



100-00 100 00 

The abeorptiometric determination, which waa oondoeted in 
such a maimer that the amount of absorbing water was in* 
creased after every observation^ gave the following element :— 





Vol.«kt». 




•a 


Vol^ume of 


After the third absorption 


500 b 
8840 

3400 

283;{ 


U.>/6U 
0-6989 

0701.- 

07415 


190 
19-0 

10-2 

llff) 


0 

81*6 

186*9 



From these clcineiits, the value of /3 is found h\ moaii-« <»f 
foi liiulfc (20) and (21) to be 0-924-8. The tables of*al).sorptioii 
bhuw tlial carhonie aeid gas hi\^ for the oksei'ved tcnipcraturo a 
CorrespoiKhii^ absorjition-coefficiciit ; for the table gives for this 
gas the nuiiil)er 0*91 jO, uhieli cluselv ii|»|ir»)xiijiates to the ex- 
perimental coefficient ff. We conclude from the constitution of 
a ])reei|HluLe, from its colour, from its solubility, &c., that a 
certain substance is j)rcsent. It is here not a precipitate, but 
a certain ordinate of a solubility-curve which serves as our lest. 
Uut as there are certain ])reeipitates produeed bv different sub- 
Stances resembling each other so closely that ihey cannot be 
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used as disiinguishiug tests, it is poisible that these onli nates 
may dilFcr so little by the temperatures at whiL-li the cuivcs of 
absorption approach, cut, or are tangent to each other, that a 
second absorptioraetric ex])criment is necessary. The foregoing 
experiments, for example, gn c a value lor a, at the temperature 
19°, of 0*0204 : this varies very slightly from the absorption- 
coefficient of carbonic oxide at 19°, which is found in the table 
to be 0-02dd. The absorption-coefficient of hydrogen at 19^ 
iiy however^ 0*0193, and that of sethyle gas at the tame tempera- 
ture ii O*0207y and these differ to sl^tly from the number 
found for carbonic oxidti^ that it must remain doubtful which 
gas is present. In this case the number derived from an ex- 
periment of absorption in water, is oompaiable to a reagent 
which indicates the presence of a group of substances. It only 
remains therefore to determine by further absorptiometric eipe« 
limentsy either at different temperature^ or witn other liquids, 
which of the gases indicated bv the first ^xj^ment is really 
present. The determination of the absorption-coefficients of 
gsses for alcohol, for solutions of salts and other liquids, forms 
therefore an important element in gas analysis, as from these 
wnj number of conditional equations may be obtained, each of 
which possesses the importance and value of a new reagent. 

If the material nature of the gas has been determined by the 
method described by means of a and /S, it is only necessary to 
substitute the values for u and in the equations (22) and (23)^ 
in order to find the quantitative relation in which the two gases 
are mixed. 

If this calculation is made for the above experiment with the 
values of a and ^ as found in the absorption tables for earbooie 
acid and carbonic oxide, we obtain — 





Rudioiuctricai. 


illwHptiiiiniif 1 U il 1 


l«t Exp. 


Slid Exp. 


8rd Exp. 


Mean. 




41MM 


5000 
JMHK) 


50-03 
49-97 


50-84 
4iHI6 


50-12 
49*88 








100-00 


100-00 


lOOKK) 


lUOUO 



The same elements which have served to determine the quali- 
tative nature of the mixture of gases, give therefore the quanti- 
tative composit Loll with a degree of exactness scarcely surpassed 
by eudiometric analysis. 

Another problem which may be easily solved by moans of the 
absorptionieter, concerns the alterations which a mixture of 
gases undergoes by contact with water. The following example 
of a similar mixture of cai'bonic acid and carbuuic oj^ide bho^ss 

02 
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how oonuderable bucIi alterationa, even with relatively small 
amoiinta of liouid, may lieoome under eertain circumstances, and 
to what connderable errors tfaoae eadiometric experiments may 
be Bubject in which the gases are confined over water, or liqiwu 
need as a means of absorotion. 

For this eaqperiment, the miztoie from oialie add and snl- 
phnrie acid was again employed. The elements for the caleola- 
tion of formulse (14) and ( 15), are taken from an experiment made 
with the absovptiometer by Dr. Atkinson ; they are as follows : — 

V =388-4; P =0-6557; //,* = 315-3; «=0-9m; 
Vi = 217-69; P, =0*7395 ; a^i =0 02326. 

The fol]o\vi!ip: composition of the gas employed is obtained 
by substituting these values in formula (15) 

Abwiptioiiietriet Tbeoiy. 

Carbonic acid . • ♦ 49*55 50 00 

Carbonic oxide • • • 50*45 60'00 

100*00 10000 

The absorptiometric analysis gives therefore again the values— 

V=0-4955 and V,=0'5045. 

Prom these is obtained, by means of formulse (12) and (18)^ 
the following composition for the residual unabsorbed gas 

Carbonic acid • • « « 81*87 
Carbonic oxide • • . * 68*18 

100-00 



A eudiomctrical analysis of this residual gas, made by Dr. 
Atkinson^ agrees aufiiciently with this calculated composition. 

He found; — 



1 


Vo!i;m:-. 






Vol. it «^ 

i.tnl I in. 


After aliioiption <rf carbonic add 


961 
68-0 


o-mi 

0*0556 


187 
19*3 


60-45 
41-64 



Carbonic acid . • • • 81'12 
Carbonic oxide . * « . 68*88 



10000 

The quantity of carbonic oxide contained in the mixture has 
therefore incressed from 50*45 to 68*88, althou^ the vohune 
of the absorbing water was not so large as that of the gas. 

T)ie phflBDomena which accompaDy the evolution of gas iq 
mineral springs, can only be fully understood by the help of the 
law of absorption. Among the nott-alkahne springs, containing 

* Called A in fommla (6). t Called ^ in fomnila (5). 
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but a small quantity of dissolved salts, there are some whose 
absorption-coefficients difier but slightly Ii'hii those of pure 
water, and coutam carbonic acid gas alone in ?^olution. If such 
springs, as is usually the case, arc saturated with iras, a certain 
limit for the amount of contained carbonic acid may be found. 
This hmit of the quantity of cai bonic acid depends upon, — 1st, 
the temperature of the spring ; 2nd, the depth of the sliaft of 
the spring ; 3id, the heitrht of the spring above the sea. Springs 
of the above sort, which are saturated with a stream of chemi- 
cally pure carbonic acid, and rise without pressure at the level 
of the sea, give according to their temperature very different 
amounts ot gas. They contain in one litre of water the follow- 
ing amounts of gas for the corresponding temperatures :— 

* Cubic centimetres of gas in 



• C. 1 litre of water, 

0 1796-7 
5 1449-7 
10 1184-7 
15 10020 
20 901-4 



If the flame apring under otherwise ainilar eircumatanoes rose 
at an devation above the sea, where the average atmospheric 
presBore was only two-thirds of the mean height of the barome* 
trie colnmn, it would contain only two-thirda of the above 
amount of dissolved carbonic acid. 

Hence it will be perceived that the amount of gas in a spring 
which is saturated with pure caihonie acid, may be considerably 
augmented hy deepening the spring shaft, and thus increasmg 
the column of water under which the gas issues from the earthy 
as Bischoff has indeed already shown in his admirable researches 
on the phsenomena of springs. If, for example, the depth of 
the shaft from the surface of the spring to the ground is 15 
feet, the water where it bubbles out from the earth will contain 
one-third more carbonic acid than the above amounts show. 
Hie water in rising to the surface loses a ]iart of the dissolved 
gas in proportion as the pressure diniinishes, but the statical 
equihbrium which rnsnrs in consequence of the 'law of absorp- 
tion requires a ccrtam time for its restoration. Thus the Peters 
spring in Petersthal in the Schwarzwald, which bns n tei.ipera- 
ture of 10° C, contiuns at the surl'acc of the spring, under a 
pressure 0™-735, 1270- 1 cubic centimetres of earbonic acid in 
the litre, whereas, according'- to the absorption-roi Ihcicnt of car- 
bonic acid for lO^'S, it should only contain 1133-3 cubic centi- 
metres under the same pressure. Tlic water is therefore over- 
saturated with carbonic acid. This excess of gas is seen to 
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^ eictpe in muiU bobbles fiom the water wbea a veuel filled at 
the spring is aUowed to ttand. By agitatum the e^iiiEbniHii is 
zestoted in a few momentSj and the diMcdved in the water 
reduced to its normal amount. By similar eonsiderations, it is 
easy to see that many of the statements, with regard to the 
amount of carbonie add contained in springs^ mnst be false* 
Thns, for instance, the amonnt of earb<mie aevi eontdned in tlie 
''Ffirsten Qnelle" in Imnau, is given by Sigwart to be 2600 
cnbic centimetres in the litre. Under the mean pressure and 
at the temperature of the spring 6^*8 C.^ the water can, however^ 
aecordmg to the law of abaorption, only contain 1373*2* cubic 
centimetres after the equilibrium has been established* The 
amonnt of gas, 2500, requires a pressure of 1°^'3836 of mercury, 
or a column of water of 8°^'449^ to be added to the mean baro- 
metric pressure. As^ however, it is impossible to suppose that 
the Imnan ^prinjr rises under the pressure of a column of water 
at least 25 feet high, and as n saturation of nearly double the 
amount of gas is as improbable, wc arc compelled to assume 
that Sigwart^s rxpcrimeiits are bnsccl upon error. Tii<^ falsity 
of many other smular statements may thus be easily shown. 

The relations which arc found to c\'M between the Irec and 
absorbed gases of a spring by means oi the law of absorption, 
give a fixed starting-point from which to estiinate the influence 
which nn ainount of nitrogen in the free gas in a s])nug exerts 
upon I he (^uiiLility of carbonic acid dissolved in the water. The 
second and third columns of the following table, calculated from 
the preceding formul?e, show the pcr-centage amount of carbonic 
acid and nitrogen in the absorbed gas for the corresponding per- 
centages of nitrogen in the free gas given in the first column. 
The temperature ui the water is suj)p used to be 15 *i C. 



Amount of nitrogen f 

ill the free gas. Nitrogen. Carbonie acid. 

I. II. III. 

10 per cent. 1-618 98-387 

20 „ 8'568 96-442 

80 „ 5*949 94051 

40 8*958 91*0^ 

50 » 12*861 87*189 

60 « 18-127 81-878 

70 „ 25-628 74-877 

80 „ 87-128 62-877 

90 „ 57-052 42*948 



^ The small amonnt of solid constituents contained lu the ii^-atcr (not 
mote tbaa 9 grains in a pound) cannot appiedably alter the abioirptioii* 
cocfflciBati^ ceftainly not inctease them. 
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From this table it is plainly wmk, that if the gas passing 
through a spring at 15^*1 contains only 10 per cent, of carbonic 
Msad with BO |ier oent. of nitrogen^ the gas dissolved in the 
spring water will contain 42'948.per cent, of carbonic acid. In 
this way it is easy, in analyses o£ mineral waters^ to calculate 
the composition of the gases contained in the water, if the com- 
position of the gas which is set free iu the spring is kno\vn by 
eiperiment. If the composition of both gases is directly deter- 
mmcd, and the experimental composition agrees with that found 
fay calculation, we have a most valuable confirmation of the cor* 
lectness of both analyses. 

All these deductions from the law of absorption are of course 
only applicable to cases in which a statical equilibrium between 
the free and dissolved gases can ensue. This is not only the 
case in sprinp:s through which gases pass, bul particularly in rain 
and dew, and for these is the law applicable with its greatest 
preci.^um. 

The luii'iunt of carbonic acid contained in the air varies, ac- 
cording to Saussui'c'b numerous experiments, in 10,000 parts of 
air between 5'7i and 3*15, giving' a uioaii of 4*15, According 
to this mean value the air is composed of — 

Oxygen 209512 

Xitrogwi . . . . . 79 0073 
CarbiMuc add . . . 0-04 1 5 

1000000 

From this analy si by means of equations (7) and (8)^ we obtain 
the following tabic, repreaenting the mean constitution of the 
gases contained in rain water for the temperatures given in the 
upper line. 



^ 0'' r. 


5" C. ^ 




Carbooicidd 


69-SO 

33-88 
2*93 


^35 

3397 
368 


63^49 

310.") 
2-46 


63*69 

Oil 2 
2-26 


68-69 

3J-17 
'2\i 




100i)0 






100^ 


lOOOO 



It is directly seen from this table that the amount of carbonic 
acid which the plants receive from the rain decreafles for increa- 
aingtempeiatures. 

The mean yearly amount of rain which fails on the surface 
of the earth is^ according to Berghans, equal to a layer of 
water of only in height. By the help of fcrnnok (3) it is 
found, that with tJiis stratum of water a volume of csrbonic acid 
ia conveyed to the earth which has a height of only 1*298 mil- 
limetre at 0^ and 0*76 piesluie; this gives for every square 
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metre^ or about 9 sqoaie feet of land^ only l'2d8 litre or 2*569 
grms. of carbonic add. For every temperatnie above 0^ this 
amount of oonne decreases. The carbonic add carried down 
with rain from tbe atmosphere is therefore so inconsiderable^ 
that it appears to be quite inadequate for the nonrishment of 
plants. Still it must not be forgotten that this amount of car- 
bonic acid originally present in the rain-water, in proportion as 
it is absorbcrl by the plant?:, is again taken np from the passing 
currents of air by the moisture of tbe leaves and <^^i ound. Dew, 
rain, and even the juices of plants serve then, as mean?^ by which 
the nourishing substances of the atmosphere are transferred to 
the bodies of the plants. The su|)ply of substances capable of 
assimilation is therefore regulated by tbe law of absorption ; it 
varies with the temperature and barometric pressure. The 
volume of carbonic acid wbieb is contained in the unit-volume 
of the sap of the plant and nmr teniug surface of water at the 
mean barometric pressure, as obtauied from formula (3), varies 
with the temperature in the following ratio 

0 0-000714. 

5 OOOOGOO 

10 0000490 

15 OOOOtlS 

20 . . . • , . 0 000373 

The plant therefore finds in a volume of the water witli which 
it is moistened at 15% the same amount of carbonic add which 
a like volume of air contains ; above this temperature, however, 
there is less, and bdow more. 

It is scarcely possible to overlook in these phsenomena an en- 
deavour of nature to assist the tardy vegetation of the cold north 
by a richer nourishment, and by a sparing supply to keq> the 
luxurious growth of the tropics within limits. 

Similarly to carbonic acid, oxygen plays an impoi-tant part in 
these phsenomena, for under the influence of the decomposing 
organic constituents of the ground it is converted into carbonie 
acid. The mixtmc containing the greatest amount of carbonie 
acid which can thus be formed is— 

Nitrogen 79*007 
Carbonic add 20-993 

lOOlKX) 

If wc suppose this mixture of gases to remain constant by 
continual additions from without, according to formula (3), the 
unit-volume of the moisture contained in the ground surround- 
iug the roots will take up of carbdnic acid,— 
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000862 
000760 
000681 
0^26 
0*00595 

Hence it follows that the amount of carbonic acid wliich a cubic 
millimetre of the sap* from the leaves exposed to the air is able 
to absorb at 1 5^ and 0'"*76 pressure, is never more than 0*000415 
cubic millimetre, whilst the moisture in the loose earth around 
the roots may contain 0 00G2G cubic millimetre, or nearly lii'tcen 
times as much. The frreat ^irodiictiveneas of mould rich in 
humuSj and a jiart of the nthaulages which tlic u^^riLulturist 
derives lioui bicuking up Liib Itiiid, is easily explained from these 
phsnomena. 

The pbsenomena of the oceanic atmosphere^ as well as of the 
absorption of air in the bloody which are dedocible from the law 
of absorption, I reserve for my own future iuTestigation. 

It mnat also remain for future research to estimate again witb 

the exactitude necessary for normal determinations, the absorp- 
tkm-eoefficients detailed in the present memoir^an absorptiometer 
of larger dimensions being nnde use of. When these expeii* 
menta are carried out, it wm be possible to determine the limits 
at which the law of absorption, similarly to that of Mariotte, 
begins to be disturbed by foreign influences. 

In conclusion^ my best thanks are due to Mr. Roscoe, who has 
kmdly translated this memoir into English. 

Heidelberg, Febmsfj, 1856. 



XXVIII. The Theory of tlie Moon's Motion. — Explanatum of the 
occurrence of non-periodic Factors in the Development of the 
Eadmt^oector. By Professor CHALLiaf. 

IN the Postscript to my communication to the Philosophical 
Magazine for February (p. 137), I have stated that the oc- 
currence of terms contaimng factors which may increase indefi- 
nitely with the time in the development of the moon's radius- 
vector, is not owing to the circumstance that the approximation 
commences from a fixed ellipse, as has been generally admitted, 
but is wholly due to the mode of integration. I now propose to 
explain why one mode of integration rather than another leada 

• 

* Herr tlic nvcra^e ninount of oarKonic ncid in the air is taken, nnd the 
absontuun-cociiicieiit!} of the sap cuuiiidcrcd the some as those of water, 
t Communicated by the Author. 



Temj^enture. 

at 6 . 

6 . 

10 . 

15 . 

20 . 
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to such terms, and to indicate processes of integration which are 
appropriate to the lunar problem. 

It will suffice for this purpose to suppose the force to be wholly 

central^ and to be equal to fw^— u being the reciprocal of 

the radius-vector. Thus \vc have the known equation, 

^+''-£+;fo=o. . . . . (1) 

Multiplying by 2 and integrating,^ 



(In 



Hence, making the equation for determining the apsidal 

distances is 

««_?^+C««-^'=0. (2) 

Now, since C is positive for an elliptic orbit, or one approaching 
to an ellipse, if this equation contains two positive roots, it 
must, by the theory of equations, contain a third positive root, 
becausic the last term is negative. Ilcncc there nuist be a third 
apsidal distance in addition to the two belonging to the approx- 
imate ellipse. The third apse is accounted for by considering 
that if the radius-vector be very large, and consequently u very 

small, the repulsive part of the force, vis. — may exceed the 

attractive part /u,i/^, even when /x' is supposed to be small. 
Hence the analysis embraces a separate curve, containing in- 
finite branches and one apsidal distance, in addition to the 
eccentric orbit. If, therefore, it be required 'to integrate the 
equation (1) on the supposition that the orbit is of small 
eccentricity and approximately elliptical, some method liuist be 
adopted which will exclude the third apsidal distance. One 
method proper for this purpose is that indicated by Mr. Airy 
(Mathematical Tracts, 3rd edition. Art. 44* of the Lunar 
Thcoi7, p. 32), which consists in substituting b-\-w for ti, and 
neglecting powers of w above the first. This is virtually the 
same as the method employed in Pr att^s Mechanical Philosophy 
(Art. 334, p. 300), where b-\-u^b is substituted for w, and 
powers of u—b above the tirst arc omitted. Making the latter 
substitution, the equation (1) becomes, 
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the integral of which is^ 

neglecting powers of fif above the first, II is plam that by 
supposiug the arbitrary constant A to be small^ we satisfy the 
condition that w shdl be small for ai/ vahte* of $, and conse- 
quently that the orbit shall be nearly circular. In this mode of 
integratmg we have eiduded the third apsidal distance^ by giving 
to tt the general form b-^w, which admits of satisfying, by one 
of the arbitrary constants^ itke case of approximate circularity. 

But when a particular form is given to the analysis will 
indude the case of a third apsidal distance, so far as we form 

admits of satisfying the condition that ^ be a small quantity 

for values of the radius-vector contiguous to that apsidal di* 
stance. Thus let ussb-\-be cos (^+7) nearly, the second term 
being supposed to be small compared with the other. Substitu- 
ting this value of tt in the last term of equation (1)^ and retain- 
ing only the first power of 0 cos (tf +7)1 we have 

This equation gives by integration, 

i.=Aco8 (tf +B)+^-^+^««n(tf +7). 
Hence by compaiisou with the assumed value of 

t-t^jL-t^f;!^ nearly 

^=5 A, and 73= B. 
Coosequently the integral of equation (1) in this case is 

«=|-^i'+Aco. (tf+B) +^'Atf dn (*+B). 

Now since the application of this integral is limited by the con- 
dition that u iiuist differ little a constant value, it follows 
that the angle 6 must be taken within certain limits, otherwise 
that condition is violated. Putting for the sake of brevity g for 

it will be found that gives 
and ^-Aeos (tf+B) .{-1+2,- g^}. 



♦ 
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These results sliow, since 6 may be supposed positive^ tliat 
will be less than 90°, and that, as A is positive, u lias a 
maximum value if 2q be less than unity, but cannot in that 
case have a minimum value* Hence as ^ is by supposition a 
small quantity, it is clear that the maxhnum does not apply to 
the elliptical orbit, but to the third apse ; for if it appUea to the 
eUiptical orbit, u would also have a minimum value. 

If, however, the above approximation, viz« us^ + &0 cos + 7), 
be derived by integration from the approximate equation 

the second approximation can have no reference to the third ap- 
sidal distance, and ought to be true for all values of 6. But this 
cannot be the case, unless the above integral be considered to hc 
derived by a diverging expansion ^om the equation, 

..^-f+A«.(V'I3'<-*B). 

The foregoing reasoiuug sliows that when the integral of 
equation (1) contains a tcrni ^vi)lch involves ^ as a factor, this 
circumstance is due to the particular process of integration, by 
which the values of the radius- vector for points contiguuus to 
the third apse are taken into account, and tiiat altliuugh the 
same integral ap])roximates to an orbit of small eccentricity, it 
IS attended with the inconvenience of presenting the approxi- 
mation under a divergent form. I have already pointed out 
one method of obviating this inconvenience, and excluding the 
third apse from the investigation. The same purpose is an- 
swered by approximating to the two nearly equal roots of the 
apsidal equation (2), which is the principle of the prooesa I 
have adopted for finding in a direct manner the mean motion 
of the apses of the moon's orbit. A third method will be seen 
in my article in the February Number (p. 132), in whieh the 
approximation commences from a fixed ellipse. The reason of 
the success of this method is, that by so cominencing the ap- 
proximation, the elliptic apsidal distances are taken account of, 
to the exclusion of the third apsidal distance. 

All the above considerations, \\hich for simplicity have been 
applied to the en c of a central force, are equally applicable to 
the moon's orbit. I think I have now clearly pointed out the 
origin, in the Lunar Theory, of terms which admit of indefinite 
increase, and how they may be avoided. It appears that they 
have no relation whatever to the circumstance of commencing 
the approximation from a fixed ellipse. I confess that when 1 
entered upon these researches, I little expected such a result. 
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In the Febroaiy Nmaber (p. 133)^ I have adduced an argament 
to prove^ on the aasamption of the iUegitimacy of starting from 
a fixed c^pse, that the apaidal equation contains the disturbing 
foiee as a factor. It is now shown that the illegitimacy of that 
prooedure cannot be assumed on the ground of its giving rise to 
non-periodic factors in the development of the radius-vector* 
I shall take a future occasion for showing that the argument^ 
together with the new theorem respecting the eccentricity of 
the moon's orbit, which depends upon it, may still be main- 
tained. 

Cambridge Observatory* 
Feb. 16* 1856. 



XXIX* Oh the Existence of a Magnetic Medium in Space, 
By John Ttndaix, Ph,D., F.ILS. 

Mt DBAS Me. Paradat, 

FSW, I imagine, who read your memoir io the last Number 
of the PhUoeophicsl Magazine, will escape the necessity 
of reconsidering their views of magnetic action. We are so 
accustomed to regard the phenomena of this portion of sdenoe 
through the imagery with which hypothesis has invested them, 
that it is extremely difficult to detach symbols from facts, and 
to view the latter in their purity. This duty, however, is now 
forced upon us; for the more we reflect upon the results of 
recent scientific research, the more deeply must we be convinced 
of the impossibility of reconciling these results with our present 
theories^. In the downfall of hypotheses thus pending^ the 
^reat question of a universal magnetic medium has presented 
Itself to your mind. Your researches incline you to believe in 
the existence of such a medium, and lead yon^ at the same time, 
to infer the perfect identity of magnetism and diamagnetism. 

In support and illustration of your views^ you appeal to the 
following beautiful experiments : — Three solutions of pibto- 
Bulphate of iron are taken ; the first, /, contains 4 grains; the 
second, m, 8 grains ; and the third, n, 16 grains of the salt to a 
cubic inch of water. Enclosed in hollow globules of glass, all 
these solutions, when suspended in the air hcforc tlic polo of a 
magnet, are attracted by the pole. You then j)lacc a quantity 
of tlic medium solution, m, in a proper vessel, iniim^rsr in it the 
gloljule containincr the strong solution n, and hnd that the 
latter is still attracted; but that when the globule contanung 
the solution / is immersed, the latter is repelled by the mag- 

* Some of the fcsioin wUcb iodnee the miter to hold thb opinioii are 
gifsn ta the Bskerita Lecture of the Ropl Socie^ for the pnseat year. 
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nctic pole. Substituting t l ui!:;;itc(i tubes for pplicrc?5, you find 
that when a tube contaiumg a solution of a certain streugth is 
suspended in a weaker solution, between the two poles of a 
inagnctj the tube sets from pole to pole; but that w^hen the 
Bolutn u v iikout the tube is stronger than that within it, the 
tube recedes from the pole and sets equatorially. 

Here then, you state, arc the ph?enomena of diamaguetism. 
It is maintained by some, that, to account for these ])lwno- 
.mcua, it is necessary to assume, in the case of diamagnctic 
bodies, the existence of a polarity the reverse of that of iron. 
But nobody will afHrni that the mere fact of its being suspended 
in a stronger sohUioM reverses the polaritv of a magnetic liquid : 
—to account for the repulsion of the weak solution, when sub- 
mersed in a stronger one, no such hypothesis is needed ; why 
then should it be thought necessary in the case of so-called dia- 
maprnetic bodies ? It is only by denying that space presents a 
liiedmni which bears the same relation to dianiagnetic bodies 
that the stronger magnetic solution bears to the w eaker one, 
that the hypothesis of a distinct diamagnctic jjolanty is at all 
rendered necessary. 

The effects upon which the foregoing striking argument is 
based are differential ones, and are embraced, as already observed 
by M. E. Bccquerel, by the so-called principle of Archimedes. 
This principle, in reference to the case before us, affirms that the 
body immersed in the liquid is attracted by a force equal to the 
difference of the attractions exerted upon the liauid and the body 
immersed in it. Hence^ if the attraction of tne liquid be leaa 
than that of the immersed body, the latter wfll approaeh the 
pole; if the former attraction be the greater, the immersed body 
recedes from the pole, and is apparently repelled. The action 
is the same as that of gravity upon a body immersed in water : 
if the bodj be more forcibly attracted^ bulk for bulk, than the 
water, it smks'; if less forcibly attracted, it rises; the mechanical 
effect being the same as if it were repdled by the earth. 

The question then is, are all magnetic phsenomena the result 
of a dmereutial action of this kind ? Does snace present a 
medium less strongly attracted than soft iron, ana more strongly 
attracted than bismuth, thus pcimitting of the approadi of the 
fbrmer, but causing the latter to* re^e from the pole of a 
magnet ? If such a medium exists, then diamagnetism, as you 
indine to believe, merges into ordinary magnetism, and the 
polarity of the magnetic force,'' in iron and in bismuth, is one 
and the same. 

Pondering upon this subject a few evenings ago, and almost 
despairing of seeing it ever brought to an experimental test, a 
thought ocGumd to me^ which, when it first presmted itself^ 
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leemed to iiluminate the matter. Such illuminations vanish in 
nine cases out of ten before the test of subsequent criticism ; 
but the thought referred io, having thus far withstood the 
eritkani broi^^t to bear upon itj I am emboldened to submit 
it to you for consideratioiu 

I shall best explain myidf by assuming that a medium of the 
nature described exists m space, and pursuing this assumption 
to its necessary consequences. 

T-rt a cubcj formed from the impalpable dust of carbonate of 
irou*, wliirb has been compressed forcibly in one direction, be 
placed upon the end of a torsion beam, and first let tlic hue in 
which the pressure has been exerted be in the direction of the 
bram. Let a magnet, with its axis at ricrht angles to the beam, 
and hence also at rii^ht an«;les to the line of pressure, be brought 
to bear the cube. The cube will be attracted, and the 

amount <>i this attraction, at any assigned distance, may be 
accurately measured by the torsiou of the wire from winch the 
beam depends. Let this attraction, expressed in degrees of 
torsion, be called a. Let the cube now be turned round 90^, 
so that the line of pressure sliull coincide with the direction of 
the axis of the magnet, and let the attraction a in tins new 
position be determined as in the foi nn r instance. On cumpa- 
risou it will be found that a exceeds a ; or, in other words, that 
the attraction of the cube is strongest when the force acts 
psrallel to the line of compres8ion|t* 

Instead of carbooatoof uron we might choose other substancea 
of a maek faeUer magnetic eapaei^ with preeisely the same 
result Let ua now oonoeife the magnetic capacity of the com« 
{ii essed cube to diminish graduaUy^ and thus to approach the 
capacity of the medium in which^ according to our assumption^ 
the carbonate of iron is supposed to be immersed. If it weie a 
perfectly homogeneous cube^ and attracted with the same force 
m aU mreetions, we should at length arrive at a point| when 
the magneHc weight of the cube, if I may use the term, would 
be equal to that of the medium, and we should then have a sub* 
stance which, as regards magnetism, would be in a condition 
similar to that of a body withdrawn from the actbn of gravity 
in Plateau's experiments. Such a body would be neither 
traoted nor repelled by the magnet. In the compressed cube, 
however, the magnetic weight varies with the direction of the 
force ; supposing the magnetic weight, when the force acts along 
the hue of compression, to be e(|ual to that of the medium, 
then if the force acted aeroas the hne of compression, the mag* 

* For m ample nipply of this most nsdbl minnrtl, I am indebted to 

the kindness or J. Kenyon Blackwell, Esq., F.G.S* 
t FhiL Mag. Sept im ; Fogg. ilea. 1861, 
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netic weight of the cube would be less than that of the medium. 
Acted upon in the former direction, the cube would be a neutral 

body ; acted upon in the latter direction, it would be a diamag- 
netic body. If the rnnprnctic cnpnrity of the cube diminish still 
fnitlidj it will, according to }()iu- hypothesis, become wholly 
diainaL^netic. Now it is evident, supposing tlie true magnetic 
e\citciiipnt to continue, that the cuIj when acted on by the 
magnet in the direction of compression, will approach nearer to 
the magnetic xoeight of the medium in which we suppose it im- 
iiKTsed, than wlieii the action is across tlic said inie; and, 
hence, tlie repulsion of the cube, when the force acts along the 
line of compression^ must be le99 than when the^ force acta 
across it. 

Reasoning thus from llie assumption of a magnetic medium 
in space, we arrive at ;i conclusion which can be brought to the 
test of experimenl. iSo tar as I can see at present, the assump- 
tion is negatived by this test ; for in diaDiugiietic bodies the 
repulsion along the line in which the pressure is exerted is 
proved by experiment to be a maximum *. An ordinary mag- 
netic excitement could not, it appears to me, be accompanied 
by tbit effect. 

The subject finds farther^ and perhaps clearer, elucidation in 
the case or isomorphous crystals. It is not, I tiimk, questioned 
at present, that the deportment of crystals in the magnetic field 
depends ujpon their molecular structure ; nor will it, .1 imagine, 
be doubted, that the molecular structure of a complete crystal <»f 
Carbonate of iron is the same as that of an isomorphous crystal 
of carbonate of lime. In the architecture of the latter crystal, 
calcium simply takes the place which iron occupies in the fimner. 
Now a crystal of carbonate of iron is attracted most forcibly 
when the attracting force acts parallel to the crystallographic 
Bxisf* Let such a crystal be supposed to diminish gradually 
in magnetic capacity, until finally it attains a magnetic weight 
in a directum parallel to its axis, equal to that of the medium 
in which we assume it to be immersed. Such a crystal 
would be indifferent, if the force acted parallel to its axis, but 
would be repelled, if the force acted in any other direction. If 
the magnetic weight of the crystal diminish a little further, it 
will be repelled in all directions, or, in other words, will become 
diamagnetic ; but it will then follow, that the repulsion in the 
direction of the axis, if the nature of the excitement remain 
unchanged, will be less tlian in any other direction. In other 
words, a diamagnetic crystal of tlie form nf carbonate of iron 
will, supposing magnetism and diamaguetism to be the same, 

* Phil. Mag. Sept. 1851. Pogg. Ann. 1851. 
t Fhil. Mag. 8ept. 1851. Pogg. Anm. 1851. 
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be VBpdled witK • inMrnmi ibroe when the lepukioii aeU 
yoalM to the ixii. Here, aa before^ we emve tt e eoodiuiaii 
whick i» oootrorerted by ezpNeriment} for the repnliioii of a 
crystal of caibonate of fime it a mtumim when the lei 
force acta along the azia of the eryatal. Hence I wonla infer 
that the exdtement of carbonate of iron cannot be the same as 
that of carbonate of lime. 

Such are the reflections which presented thcmsclvea to my 
mind on the evening to which I have referred. I now submit 
them to you as a fraction of that thought which your last 
meoioir npon this great question will aaauredly awaken. 

Believe me^ 

Dear Mr. Faraday, 
Royal Institution, YouTB very faithfully, 

FelBiiaiy 1865. JoHN TVNDAJ.L. 



XXX. Theorems on the Quad at are of Surfaces and the Reciifi' 
cation of Curves. By the iicv. Robert Caii:michael, A.M., 
Fellow of Trinity CoUege, Dublin, and Examiner in MathC' 
wmHa for the year 1854 tn the Queen's University in Ireland*. 

1« XT is well known tliat tli(?r.' are many plane curve*' \vho«5C 
J- equations are more easiiv ( vjnessed in |K>lar than in 
rectangular coordinates, and for whose rcctilication we empby 
the formula 



Of thia class are^ the spiral of Archimedca, 



the lituus^ 

the lemuiscate^ 
the logarithmic spiral, 
and the 



9 



# 

2. I am not uwaie that any mathematieian has attempted to 
trace the surfaces analogous to these; but for the quadrature of 
such surfaced, when discovered, it is absolutely ne^jessaiy that 
we should have a general expression in polar coordinates for the 
element of any aniiace. Sneh an ex])ression is not found in the 

* Communittiteil by tlic Antlior 

Phil. Mag. S. 4. Vol. 9. No. 68. March lb55. P 
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ordinarv worke upon the diflefential and integrtl ealeoliii. In 
tbc elaborate treatise upon this 8ubj(>ct by M. L'Abb^ Moigno 
(Paris, 1844, vol. ii. p. 285), the expression is investigated, by 
the usual analytical method, transformation of oooidinatei^ from 
the well-known expression in rectangular coordinates, 

and is given in the following shape, 

A short geometrical deduction of this expression, whose merit 
I have great pleasure in sharing with my f-u nd^ Alexander Jack« 
£sq.; may not be unacceptable to tbe student. 

Let P be any point on the surface. Through the axis OA 

anrl OP describe a plane, and P 
round the axis describe, with ^^'^^^1^^^'' 
the same ime, n cone. The 
surface may tlien be supposed 
to be divided into its elciiH iits 
by planes and rones consecu- 
tive to these respectively (tbe X 
planes all passing throngli the axis ;tnd the cones round it), half 
of one such element being re})resented by lVc'. Then, remem- 
bering that the planes cut the cones orthogoually, we have 

d<r=Vi.¥i! . sin iPt'«P* . P*' . cos«*Pi'), 

whence 

iftr=P* . Pif. ^(l- sin« iVo . sin* *W) = (P*« . P*«-ot«. 

o and r/ being the points where the sphere described round the 
origin witli radius OP intersects the consecutive radii vectorea 
to the pomts i, t! ; or 

Af= ^ [{r«sin«^di^+ ( {r«<^^+(B«r)«i^}-(D|r)W« (I>^)«tfW, 

or finally, 

8. From this expression wc may readily derive that for the 
perpendicular from the origin upon the tangent plane, injie^ 
coordinates. In rectangular coordinates it is known to be 

but the transformation of tliis to polar coordinates would be 
troublesome and tedious, A\'e may easily derive the required 
expression from the volume of thcj elementary cone, for 

P<^ff=>'»8ine^c/^#, 
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mi tlierefore 

•1-. As an example of the apjilioatlon of the formula for the 
quadrature of s^urfaces, let us siipjjo^e lliat it is required toiuvcs- 
ti^te the (^uiidi-uture, between giveu limits^ of the surface 

r=tiie~^cos^. 

Then 

D|rs — iiw'P aia 6, — iwe"* cos 6 ; 

therefore 
or 

whence 

Saiiy«-»*(Bin^a-. sin^i) 



Let OS suppose the limits to be given by the intersections^ with 
the given snmoej of the cones 

and 

Swm^l e-^(8ina^-*8iu^)</^, 

an integral which is susceptible of easy reduction^ since we know 
that 

C^mm • A ji ^--msinaA + flcosaA 

5. As a second example, let it be proposed to investigate the 
qiaadntare, within given lunitSj of the snrihee 

rssfncos^sin^. 

Bfera 

BirssMCOs^eosi?, D^s— insin^sin^, 

and 

dassm^ cos ^ sin' $ i$d^ ; 

whence 



^ r^sin ^8-^ ^,)8in* ^ if^ ; 



and, if the limita be given as before, there ia no diilictUty in de- 
termining the quadrature completely. 

6. In the masterly treatise upon the Calculus of Variations by 
the Bev. Professor Jellett (Dahlin, I860, p. 262), it is shown 
^lat the sQxftoe whidi^ within given limits, renders the doable 
tnt^rsl 



P2 
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£10 The Eev. &• Cannichftei on thi QuadrtUure of SwrfaceM 
or, y being the angle made by the radioB rector with tlie axit of z, 

a minimmn/ la given by the partial differential eqoatiim 

whose integral is known to be 

representing the gauche surface generated by a right Iidc which, 
gliding upon two fixed directrices, remains constantly parallel to 
the plane of the axes of x and y ; as indeed might be anticipated 

from a consideration of the question in its second form. 

In the same manner it might bt shown that the surliace wliich, 
within given iiniits, renders the double integral 

ft minimum, is given by tbe equation 

•/>Fj(r) + ^F,(r) = l. 

If it he proposed to inrestigate the property of this surface 
corresponding to the character of the generation of the analogous 
surface in rectangular coordinates, as the latter character is ex- 
hibited by t)ic supposition z = cons(., so the former property may 

be aivcstiL;;itrd by the stijiposition r=i const. Let, tlien, the stir- 
face be supposed to intersect a sphere described round the origin, 
and let the nature of the curve of intersection be examined. If 
we resolve any element into its reetanguiur components, one 
such fouiponent is rddy and the other rsin^c/</>. Let i be the 
inclination of the element to the meridional plane described 
through its extremity and the fixed axis, and it is evident that 

^ . riin(9i^ ¥^{c) . . 

€ being tbe radina of tbe sphere; or the tangent of the angle of 
•M/tfiirltb*i of the curve to the meridional pkme is proportional to 
the me of the angle made Uieraiim vedoT with the exie. 

7. It may be well here to indicate certain desiderata, tbe 
knowledge of which might kad to tbe diicovery of some intcN 
esting properties of suriaeea. 

The measure ofturvature at any point of a anrflMeia eipresaed 
in lectaagolar eo(ttdinatee by tbe formuhi 

1 rt -8^ 

I^iI^^*^(l+/>*+9^*' 
we have no corresponding expression in polar coordinates. Such 
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might be diiOOTered by tbe mveatigation of the walogue of the 
known fixmnilA for plane eurree 

dr 

Ajjain, the sum of the curvatures at any ])(>int of a surface is 
expreaiicd by the formulaj in rectangular (joordiiiates, 

we have no corresponding expression in polar eoordinatet* Other 
desiderata will readily suggest themaelvea. 

8. With regard to the reetification ni curves, it maj be nsefol 
to make a few obaervationa npon a subject which has recently 
attracted much attention among French mathematicians. In 
the Notes by M. Liouville to his valuable edition of the J^Hca^ 
tion de I' Analyse a la Geometrie of the iUoatrions Monger will 
be found (p. 558) the following remarks : — 

^'M. Serret a fait usage de certaines v u inbles qu'il avait d^jk 
employees au tome xiii. du Journal de Mathimatiques, pour 
resoudre le problcme suivant : x, y, z, s etant quatre fonctiona 
d'nne vaiiable indipendente $ aasujettiea k verifier I'^nation 

exprimez sans forme iinie et sans aucun signe d'integration, Ics 
valeurs generalcs dc ces fonctions. La solution de ce probleme 
condiut^ par cxemple, i\ trouver dcs courbcs k doable courbure 

ani aoient k la foia alg^riques et reetifiablea alg^briquenrat, ou 
ont Pare d^pende d'une tmnscendante donn&. Le problcme 
analogne poor lea conrbes planes depend de F^qnation pins simple 

et se resout, commc ou sait, par les foriaules 

sin ^-f ^'(^) cos 0, 
cos^-f"(^ sin $, 

ou la frHietion est arbitraire. lies formnlea de M. Serret poor 
l'6quation 

dx^-^dy^-i-d^^ds*, 

sont beanoonp plus compliqu^j et^ ponrtantj beauconp moina 
ntUea/' 

It appears to me that the integration of these equations may 
be effected directly^ and with great simpUdtyi by employing the 
Calculus of Quaternions. 

Thus, in the notation of this Calculus, the first equation 
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u eqaiTalent to 

oar 

idX'\'jdy=idpi 

whence 

§L being an arbitrary vector ; or, between given limits^ 

an identity, as it ought to be. 
Similarly, the second equation 

is equivalent to 
or 

idx +jdif + kdg:s dp } 

whence 

a beiug aa arbritrary vector, or, between given limits, 

an identity, as it ought to be. 

5 Tkinity College, Dublin, 
November 1854. 



XXXI. On the Products of the Destmctive. BistiUation of Animal 
Suhstanccs. — V.\d III. Bt/ Thomas Anjdeksox, M,D,^Regiu9 
Profesm' of Chemialr// in the University of Glasgow. 

[Concluded from ]). 15(K] 

Constitution of the Bases of the PicoUne Series* 

HAVING in this and the previous part of these researches 
accumulated sufficient evidence of the existence of a class of 
bases isomeric with that of which aniline is the type, it became 
important to determine to which of the three classes of volatile 
bases they belong. For this pui-pose, pyridine, pieoline, and 
coUidine were submitted to the action of iodide of aethvle. The 
experiments were carried out in considerable detail with pioolinCj 
but witl^ the other two salts no more was done than sufficed to 
substantiate the fact, that iodide of «thyle acted on them in a 
similar manner. 

Action of Iodide of JEthyle on Pieoline. 

Anhydrous pieoline and iodide of jcthyle were mixed, in the 
proportion of one volume of the former to two of the latter, and 



Digitized by Google 



De$tructwe IhslUiation oj Ammal Bubiiances. 216 

Kiled bennetietUy in a oombnition tube. The two flnida mix 
mdil^y but if the tube eontaining them be gently heated, by 
plongmg it for the ipace of half a minute into the water«bath, 
an action takes phuse attended with the evolntion of much heatj 
the fluid becomes muddy, and fleparates into a thick oily ttratum 
whifth rises to the surface, and a more fluid one which descends. 
On coolings the former sohdifies into a highly crystalline man, 
and well-formed crystals appear in the latter, which consists of 
the excess of iodide of vthyle. £ven without the application of 
heat the action takes place, thougli more slowly, and it is neoes- 
ssij to have them in contact for some days before the action is 
fimshed. When heat is applied, the action is complete in ten 
minutes, but in every instance the tubes were allowed to stand 
for twenty-four hours^ so as to present the complete crystalliza- 
tion of the new compound. The tubes were then opened, the 
whole content'^ throvrn upon a tilter, and the crystals slightly 
washed with a nuxtuK of alcohol and cether, pressed between 
folds of tilterinir j)a])er, and dissolved in the smallest possible 
quantity of a mixture of boilincr alcohol and aether. On cooling, 
the new substance is deposited in beautiful silvery plates. Itia 
his^hly soluble in water, and though nnt d ; liquescent, it becomes 
slightly damp in moist air. Its aquei)U» solution, on evaj)oration, 
solidifies into a mass of crystals. It is readily soluble in alcohol, 
especiiilly when boiling, and the hot solution on cooling becomes 
filled with cPf'stals. It is lLi,.s solul)]( in sether. It fuses below 
212^ into an oily fluid. Its analysis uavc these results : — 

S'SoO ^rs., dried in vacuo, gave 7*570 gra, carbonic acid and 
2*375 grs. water. 

6*4-10 grs , dried in vacuo, gave by direct precipitation 0*065 
grs. iodide oi silver. 

Experiment. Calculation. 

CariMm . • 88-67 ^8-70 C'« 9^ 

Hydiogen . 4*98 4*88 H» 12 

Nitrogen . . 5 61 5'67 N 14 

Iodine . . 50*89 50-80 I 126 

100 00 100 00 248" 

These results agree with the formola 0*^ U^^ N HI^ which is that 
of hydriodate of sethylopicoline. 

0^ the addition of a few drops of caustic potash to the sola- 
tion of this Bait no odoar of a volatile base is evolved, nor is there 
any separation of an oily layer, hut the addition of a large quan- 
tity of strong potash causes the precipitation of a viscid oil, 
which solidifies on standing for some hours into a mass of cry- 
stals, generally much coloured, and which proves to Ijc the 
hydriodate partially altered by decomposition. When boiled 
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with rtmg potaih^ a volatile base is slowly fonnedy wkieb it ft 
product of deeompofitioni and will be afterwards roferred to. 
From tbeae chmctera it is obvions that Bthylopiooline belongs 
to the ammonium class of bases, and hence picoline itself must 
be a nitryle hue; and this being the case, tlie formula of the 
iodine compound might be written thos^ C^^ H*^N-|-I| rqive* 
senting it as the iodide of a ba^c corresponding to aramoniuiii^ 
of which the constitution must be C'^11**N, and whose oxide, 
C^^' H'^NO, must exist in its oxygen acid salts. If wc adopt 
the nomenclature proposed by Hofmann for the ammonium bases, 
wo nhoiild have n very clnmsy name for thh substance, and I 
shall therefore ciiiitimu' t(; call it aithylopiceiinc, whichj though 
not pcrtectly correct, is sutiiciently distinctive. 

iEthylopicoline. nr rather its oxide, is readily obtained by 
tating the aqueous solution of the iodide with moist oxide uf 
silver, when iodide of silver is precipitated, andtlie base obtained 
in sohitiou. In j)orforming this process, iitat must be rn oided, 
as oxide of silver (h ( <ini]K)ses the base at a high teniperature, 
fine violet streaks ajipeanng in the fluid, which la^tidly acquires 
a deep crimson colour. The same chunge occurs, tiiouirh more 
slowly, ill the rr)ltl, especially it the oxide of silver be added m 
large excess, aud it is therefore desirable that the solution should 
be separated as rapidly as possible. If this be done, a colourless 
iolation is obtained, having a &int peculiar odour and highly 
alkaline propertiei. It leatoiea the Una id reddened litmus, and 
givea an interne brown with tnrmeric ; it has a powerfully eanitic 
tastej and produces a soapy sensation when rubbed between the 
fingers. It absorbs carbonic add from the air, precipitatea 
alumina, and redissolves it when added in excess. From a 8olu« 
tion of corrosive sublimate it throws down the oxide, and with 
the metallic salts generally it reacts in precisely the same manner 
as potash or soda. On boiling, its solution acquires a deep red 
oolomv and the odour of a volatile base becomes apparent. By 
evaporation in vacuo j a hard gummy mass with a green metallic 
lustre is lelt behind, which gives a magnificent blood-red solu- 
tion with water, and deliquesces when exposed to the air. At 
first I entertained the hope that this substance, though coloured, 
might, when submitted to analyus, give the results of sethylo- 
picoline ; a very few experiments, however, sufficed to show that 
it had undergone decomposition, and no attempt was made to 
analyse it, but attention was directed to obtaining such double 
salts as might serve to confirm the constitution of the base. 

Platinocfihiride of jEihylopicoline. — In order to obtain this 
saltj TiitrRte of silver was added to the iodide as long as a preci- 
pitate was formed, which was separate d by filtration, and the 
excess of silver thrown dowTi by hydrochloric acid. The filtrate 

was then mixed with a strong solution of bichlonde oi piaUnum 
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mnH mde. In tbe eonne of » hsw Imn the wit wu d«po« 
■ft^ in oraDge-ied tabular eryttals of remafkabk beautyi and 
often of conaiderablfr siae. It is readily soluble in oold water, 
•ad etiU more ao in liot» and is deposited nnebanged from its 
•elatioQ. It poseeseea eonsiderable stabilibf, but by long-eon* 
tiaaed boiling it undergoes deeomposition. Its analysis gavej— 

M16 grs. of platinoeblorideof »thylopieoline gave 6*4S0 grs. 
esfbonie aeid and 2O40 grs. water* 

6*8SI5 gn. of platinoeblorideof nthylopicoline gave 2*081 grs* 
plstinam. 

MIO grs. of platinoehloride of KthylopicoUne gave d'058 gca. 
pfatmum. 

6*970 gra, of platinoehloride of aethylopieoline gave 2*085 grs. 
phttnnm. 



"1. K IE? ' 

Carbon . 29-15 ... 29-83 C'« 96 

Hydrogen 376 ... ... 3*66 H" 12 

Nitrogen •.. ... ... 4*81 N 14 

Chlorine ... ... ... 3254 Cl^ 106-5 

Platinum 2975 2978 29*91 30-16 Pt 987 

lOUUO 327-2 

AurochloruJp nf j^thylopicoUu \ — This roTnponnd is readily 
formed by uddmg a solution of chloride of p:ohl t o the nitrate, with 
eicesa of bvdrochloric acid, obtained from ilu iodide, in the man- 
ner employed for the prodiictioii of the plat inum salt. It is slowly 
deposited in the form of golden-yellow flattened prisms of great 
beauty. It is s})arin2:ly soluble in cold water, readily in hot, 
and is depoj>ited uneliaiii^ed on cooling. It is insoluble in 
alcohol and rethcr. Aiumonia converts it into a cinnamon-brown 
powder, and it is instautly Idackened on the addition of potash 
to its hot solution. The specimen analysed was dried at 212^j 
and burnt with ehromate of lead. 

6 7 15 grs. of aurochloride of iethylopicoUne gave 5*093 gi'S. 
carbonic acidimd 1"G75 gr. water. 

5*300 grs. oi aurochloride of aithylopic9UQe gave 2*265 grs. 
gold. 

Experiment. Calculation. 

. ^ ^ 

Carbon . . . 2059 20-83 96 
Hydrogen . . 2*75 2-60 H»« 12 

8*06 N 14 

Chlorme 30*82 CI« 142 

Gold ... . 42-73 42-69 Au 196-6 

10000 4(jOO 
CoTTfc&pouding with the lumulii G'^H'^aS CifAuCP. 
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It has been already mentioned that though ethylopicoline ii 
fixed and inodorouB^ its iodide cannot bedistiUed with potash, or 
the base itself boiled or even evaporated in vacuo, without under- 

going a decomposition, attended with the evdntion of volatile 
ase. In the latter case the decomposition is sknr; and even 
after the ebullition has been continued for some hours, the odour 
is given off with undiminished intensity, till by long-continued 
boUing it at length becomes extremely faint, although it does 
not altogether disappear. When the iodide is boiled with pota?h, 
the change is more rapid, and after three or lour hours' boiling a 
considerable qnantitv of base is fuiuul m the reeeiver. The product 
has a pungent and jnitrid odour, fumes strongly with hydro- 
chloric acid, and forms with it a salt entirely soluble in absolute 
alcohol. Two analyses were made of the platinum compound 
of this base; the one from a portion collected at the commence- 
ment, the other towards the end of the distillation, which show 
that the product was of uniform composition throughout. The 
results were as follows 

I. 6*440 grs. of platinochloride gave 2*430 grs. carbonic add 
and 1*920 gr. water. 

II. 11*775 grs. of platinochloride gave 4*210 gra. carbonic 
add and 8*457 grs. water. 

I, 4*886 grs. of platinochloride gave 1*705 gr. platinum. 

II. 6*580 grs, of platinoddoride gave 2*575 grs. platuuim* 

Experiment. Calfiilatfon. 



I. II. 

Carbon .... 10*29 9*75 9 55 24 

Hydrogen . . . 8*81 8*26 2*78 H« 8 

Nit ro^cn . « • 5*99 N 14 

Chlorme 42*39 Cl» 106*5 

Platinum . . . 38*88 39*23 39*29 Pt 98*7 

100*00 261*2 

Its formula, therefore, is G< H^N, H Cl+PtCl, and the base 
itself is sethylamine. 

The base obtained by the distillation of the tethylopicoline 
alone was found to have the same composition, for 6*177 grs. 
of its platinum salt gave 2*418 grs. of platinom, equal to 89*06. 
p« eent. 

The decomposition which thus occurs is very remarkable, and 
differs entirely from that observed by Hofmann in the ammo- 
nium bases examined by him. Th e oxide of tetrsethylammoninm, 
for instance, is not decomposed when evaporated t» vacuo. Even 
at 212^ it undergoes no change until it becomes nearly dry, but 
then a base and a permanent gas are evolved, the former being 
trinlhylamine, and the latter olefiant gas. In this ease, one out 
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of the four acthyle atoms which the oomplex base contained is 
decomposed, and the other three remain with the ammonia in 
the form of a nitryle base; in lact^ we may fairly assome that 
the atom of sethyle added to the tiuetliylaniiiie to convert it mto 
tetraethylammonium is decomposed^ and the base which formed 
the starting-point of that action is regenerated. With rneth* 
KthylopicoUne the case is different ; we start, indeed^ from a 
nitiyle base, but in plaee of reproducing it in the decomposition, 
the atom of sethyle which has been added takes possession of 
the ammonia^ and produces an amide base, leaving the radicals, 
which we must assume to have replaced the three atoms of 
hydrogen in the ammonia from which the picolme was originally 
pirodueed, in some other form of combination . In another point, 
also, the decomposition of sethylopicoline differs from that of 
tetnethylammonium. According to Hofmann, the latter base is 
entirdyconvertedintotnttthylaroine andoleiiant gas; butvthvlo- 
picoline, even after long- continued boiling, gives an abundant 
residue on evaporation. The substance so obtained is amorphous, 
has an intense blood-red colour, and is a base forming a platinum 
aalt insoluble in water. Although these experiments were made 
on a very small scale, and the slowness of the action rendered it 
impossible to sav with certainty whether the decomposition was 
complete, this platmum compound was analysed, and the results 
were — 

6*840 grs. of the platinum salt gave 8*550 grs. carbonic acid 
and 2*890 grs. water. 

7*555 grs. of the platinum salt gave 1*652 gr. platinum. 

Carbon • . . . 89*92 
Hydrogen • . • 4*54 
Platinum .... 21*86 

From a single analysis such as this it is impossible to deduce 
a formula; but it is obvious that a base of much higher atomic 
weight than fethylopitulmc has been produced, the further ex- 
ajiiination of which must be deferred to a future paper, and 
\iviiich Will probably lead Lu lutucbtiug te&ultd. 

Action of Iodide of jEtkyh on Pi/rieUne, 

V\ hen j yi Hline is treated with iodide of jethyle, the action, as 
Diiprht be expected, is in all respects siuiiiar to that whieh oecurs 
witli picolinc. A homogeneous mixture is lii'st lormed, and then, 
on eently warmiiiir, the action takes place, with the evolution of 
liiucli heat, and the h^driodatc of leth) lopyridine rises to the 
surface as an oily layer. The crystallization of this substance, 
as it cools, is an extremely beautiful })]ia iionu non. Minute 
rhombs midce their appearance here and there in the \ iscid lluid^ 
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wbm ihejr inerease in nie so itpidly that they may aetnall^ be 

aoen to grow; and in a successful operation they sometimes 
increase to the size of from a quarter to three^eighths of an inch 

in diameter in the courae of half an hour. By and by the 
crystals come into contact with one another, and the lluid iscon- 
rerted into a sohd crystalline ma^s. The crystals are removed 
iVdiii the tube, pressed in fnldsoi rinL:: paper^ and erystallized 
from a mixture of abm lut'^ alcohol and aether. Thvy tin u foim 
fine silvery plates, hi*jrhiy soluble in water, and slightly deliques- 
cent ; in alcohol and aHher tliey arc also extremely soluble, 
though less so tban in water. With reagents, their beiiaviour is 
80 exactly the same us that of the jeLhylupicwhuc bait 3, that it is 
unnecesimry to enter into any details, 13y analysis the fulluwiug 
results were obtained : — 

6-110 LTK, of hydriodatc of rethylopyridine gave 8*105 grs. 
carbonic acid and 2'52r) grs. w:it( r. 

5*445 grs. of hydriodate of iethylopyndmo £^ve 5*395 gn« 
iodide of silver. 

Bxperimcnt. Calctdntion. 

( ' ^ 

Carbon . . 36 17 35*89 C^^ 84 

Hydrogen . 4*59 4*27 H»o 10 

Niti-ogen . . 5-70 604 N 14 

Iodine , . 53-54 53'80 I 

100-00 100*00 2a4 

The formula of the substance, therefore, is C'"* IP^N I. 

iEthylopyridine itself may be separated from the salt by the 
action of oxide of silver. It forms a highly alkaline fluid, whieh 
undergoes deoomposition when heated, with the evolution of a 
base which is no doubt tethykminej and agrees completely with 
it in properties, though the small scale on whieh the experiment 
was performed prevented my establishing this fact by analysis. 
It unites with acids, and forms salts, whieh are all crystallisable^ 
and generally highly soluble. The platinum and gold salts are 
extremely beautiful compounds. 

Phttinoekhnde of /Ethylopyridine, — ^This salt was prepared in 
the same manner as the corresponding a^th^lopicoline compound* 
It is sparingly soluble in cold water, and insoluble in a mixture 
of alcohol and srther. When slowly formed, it is obtained in 
beautiful gomet-eoloured rhomboidal plates with bevelled edges^ 
which are easily got of a quarter of an inch in diameter^ even 
when operating on very smaU quantities. Its analysii gave-^ 

7*152 grs. of sethylopyridine platinum salt gave 6*905 grs. 
carbonic acid and I 885 gr. water. 
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6-435 gn. of Bthylopyndiue platinum salt gave 2*035 grs« 
platmam* 

Kxperiment. Calculation. 

Carbon • . 26-83 ^6-81 C** 8^ 

Hydrogen . 2*92 819 H^^ 10 

Nitrogen 6*66 N 14 

Ghloinie . ^ 82*93 CP 106*5 

Platinum • . 81-62 31-51 Pt 96-7 

10000 813-2 

Theform ula of the compound is C" H»<> N Cl+Pt Cl«. 

The gold compound of »thylopyridine is obtained in fine 
jeUow plates of extreme beauty^ sparingly soluble in cold water, 
and readily decompoaed in boilings especially if an exoeas of 
ehloride of gold be pieaent. They were not analysed* 

Action of Iodide of A^thyie on VoUidmem 

Iodide of sethyle and collidine react upon one another in the 
lame manner as the bases already mentioned. An oily layer 
aeparates on heating the mixture, which refuses to crystallixe on 
cooling. After removal from the tube in which the action was 
effectoi, and separation lirom the excess of iodide of ethyle, the 
fluid i^as allowed to stand for some time, but no crystals 
appeared. It was then exposed to cold^ in the hope of inducing 
eryatalliiation, but without success; and no better result fhllowed 
the attempts made by dissolving in the smallest possible quantity 
of absolute alcohol, and adding sether. As the properties of the 
compound did not appear promising^ no further experiments 
were made with it ; but it was converted into a platinum salt, 
for the purpose of ascertaining whether the collidine had actually 
combined with ethyle* The process employed v as the same as 
that used for preparing tbc sethylopicoline salt. A sparingly 
soluble and scarcely crystalline compound was obtainedj the 
platinum of which was d^ermined by the following experiment: — 

6*855 grs. of the phithinm salt gave 1*618 gr. platinnm. 



Carbon . 

HyJrog^en 

Nitrogen 

Chlorine 



£x|)erimejit. Calculation. 

t ^ \ 

34-06 C» 120 

4-50 H^s 16 

3-68 N 11 

29-98 Cl« 106-5 

27-65 27-78 Pt 98-7 



10000 356-2 
Thiseorrespondscompletdy widi the phtmmn salt of lethjlo- 
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coUidinej bttt as that iabstatice did not aptveair likely to gi?e 
results of interest, I contented myself with tnia experiment as s 
anfficient proof of its existence. 



The experiments described in the preceding: pages sufficiently 
establish the fact that picoline and its homologues must be con- 
sidered as nitryle bases, that is to say, |)a8cs capable of taking 
up only one additional atom of aethyle or any similar radical, by 
doing which they are converted into fixed compounds, of the 
daas designated ammonium bases. If this be their constitution, 
we must, according to the Tiews at present entertained, assume 
that these baaea are formed from ammonia by the replacement 
of its three atoms of hydrogen by as many different radicals. 
Of the exact nature of these radicals, the experiments we at 
present possess afford no data for drawing definite eondusionii; 
bat a moment^s consideration suffices to show that they must be 
Bubstancea remutoble for the simplicity of their oonstitutbn. If 
we confine onr attention to pyridine, as the fnndamental member 
of the aeries, it ia obvious that the ten eqnivalenta of carbon and 
five of hydrogen which it contains must be distributed among 
these three substances; and although we cannot, without farther 
researches, determine how they are distributed, it is at least 
aofficiently obvious that the choice among different iqpecalative 
anangements is by no means krge. In fact, our knowledge of 
the laws governing the constitution of organic compounds^ 
enables us to see that the total number of possiole permutationai- 
of the elements of pyridine is only eight* They are as foUowa:— 

c*b[«i C*H»1 c^h-i c^h-i 

C^HHN C*H In c<h In C«HnN. 
C»H J C«H J C«H»J C«H«J 

C^i»T C«b[«i VVL^ C»H^ 

c«h«In c«h In c«h In c«h«L\. 

C«H J C«H J C«H3j C«H«J 

Involving the existence of the following nine radicals, all, vrith 
the exception of methyle, at present unknown : — 

C«H» C^H» C«H« 

C«H« C^ll^ 
C«H C^H C«H 

Of these, two at least, C^H and C'^H, are so extremely 

t I assume, with Gcrliaxdt, that the number of atoms of carbon la any 
fsdictl must ahvsjs be diviiibk by two. 



Digitized by Google 



Dettm^we DUt^um Anmal Bubita»m. USA 

improbable^ tbat we may^ without ttiudi Hesitation, pronomioe 
agaiaat them i and if so, the probable formolte of pyridine are 
ndaoed to those marked with an aaterisk. The question for 
eomiderstion is^ whether even these can be supposed to represent 
tiie oonstitQtbn of the base in a feasible manner. On this point 
no ezpoimental evidence can at present be addooed; bat taking 
into aocount all the circnmstanoes connected with themj my 
impression is^ that none of them give the rational expression A 
its eonstitntion, and that pyridine and its homdogoes belong to 
a class of bases of which we have as yet no other enmples* 

In illustration of this opinion, it is necessary to enter into 
some details regarding the constitution of the bases generalh^. 
It is scarcely neeesssry to remind the reader tliat when Hofmann 
described his two new series of volatile alkaloidsi he applied to 
those already known the name of amide, and to the new series 
those of imide and nitiyle bases. This nomenclature, which has 
been more than once employed in the preceding pages, was 
founded on the analogy in constitution of those substances with 
the well-known amides^ imides, and nitryles. A very little con- 
sideration, howe^xr, suffices to show that this analogy is by no 
means complete. The first j^cries of bases mnv be correctly 
compared to the ainiclcSj but the other two have no clo>c resem- 
blance to the imides and nitryles. On the contrary^ they are 
strictly comparable with the secondary and tertiary amides 
recciitiy described by Gerhardt and Chio^xa, which are formed 
from the primary amides by a process similar to that employed 
by Hofmann to produce bis two classes of bases. The closeness 
of this analogy may be seen from the subjomed compari^n of 
these methyle bases with the bcnzoyle amides. 

Methviamme. Bimethyiamine. Trimethylammc. 
Om^\ C«H3^ C^IFO 

H In 

H J 

CMH*0«^ C"H»0«^ c»*H*on 

hJ hJ cmh*o*J 

PrinMafy henamrids. Ssoondaiy beassmide. Tertiaiy beassnude. 
Aom which we see that in every case hydrogen is replaced, atom 
for atom, by a compound radical, the only difference being, ^«t 
in the one set of suostances the ammonia retains, in the other it 
loses its basie properties. 

But the constitution of an imide or a nitryle is materially 
different. Of the former, indeed, we know too little to admit of 
any^ satisfactory conclusions regarding their constitution ; but 
tsikingbeDiomtrylewith the formula C^^H^N, as an enmple of 
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ito dtsBy and eiamining iU -oonatitiitkin in the same point of 
Tiew, we may consider it as an ammonia^ in which three atoma 
of hydrogen have been replaced by a single radio^ C'^H^. 
While, therefore, an amide is formed by the leplacement of one 
or more atoms of hydrogen in ammonia by an equal number o£ 
moleeolea of a monobasic radical, a nitiyle may be viewed at aii 
ammonia with its three atoms of hydrogen r^uM^ by one atom 
of a tribaaic radical ; and in the same manner there must exist m 
class of compounda^ which for the present we may call imides^ 
although they are not comparable with the aabatances known 
under that name, in which part of the hydrogen is replaced by a 
bibasic radical. The different forms of combination posaiole 
under this view may be best rendered intelligible if we make nao 
of general formulae, and take X'^ X", and X'" as representing 
respectively a monobasic, a bibasic, and a tribaaic radical. We 
have then the following expresaiona for the different classes :— 



(1.) (2.) (3.) (4.) ffi.) (6.) 

N X'VN HJ^^ X'J 



X'l 

hJ 



X' 
X' 
H 



X'J 

Of these the lirst three represent either the amides, or the bases 
described by Wurtz and llofmanii ; the last is a nitrylei and the 
others are substances at present scarcely knuwu. 

Now as regards the 11 i t three clab^^s, it is nianiieat that they 
prove amides or bases, accui ding to the properties of the radicals 
replacing the hydrogen ; and we may fairly argue irom analogy 
that the members of the last may be also eitiier basic or non- 
basic. The nitryles at present known arc all non-baaic, but it 
18 my belief that the most probable explanation of the constitu- 
tion of the bases of the pyiidme series is to suppose that they 
are true basic nitryles, and that, for instance, in pyridine itself, 
the tribasic radical 11* replaces three atoms of hydrogen iu 
ammonia. The oj)inion thus expressed regarding the constitu- 
tion of these bases, luid even the possibility of such compounds 
existing, is speculative, but at the same time it is not altogether 
unsupported by facts, for though we have no bases in which a 
tribasic radical exists, there certainly are instances in which two 
atoms of hydrogen are rephM^ed by a bibasic radical. A maiked 
eiample is found in Qerhaidfs platinamine^ although then the 
le^aetngaobataBeeisnotacompouid boftattmpknidaeal* Ita 
formula may he written thus : — 



an which platinum is a bibasic radical replacing two equivalenfta 
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of hydrogen. Di inamine mav ia the tame manner be repre* 
eented^ with ita formula written thoa > 



in whieh two equivalenta of ammonia have been brought into 
play. Lastly, in fmiiirine we have a purely organie base, formed 
nom two equivalents of ammonia by replacement of the whole 
of ita hydio|^ by three atoms of a compound radical, its formula 
being— C'OH^OM 

cm* o4n«. 

The view now expressed would malvo tlie constitution o{ tlie 
bases correspond very closely with that of the acids, as cx]»liimed 
by Gerhardt. According to that chemist, a monobasic acid is 
formed from one atom of water (viewed as 11^ 0) by replacciuent 
of hydrogen by a monohasic radical, while a bihasic acid is 
foiuitd iVuiii two atoms of water, by the replaccuicut of two 
atoms of hydrogen by a bibasic radical. 

I have been led into these observations by a desire to explain 
in a more satislMstory manner than our present knowledge of 
the bases will permit, the constitution of pyridine and its homo- 
kgues ; but I am now about to enter upon a series of experi* 
nients, with a view of obtaining some of the bases 

^"Tn ^'Tn ^'"J^^ 

H f X"J 
the probable existence of which \ liavc iiuv, iuJicatcd on theore- 
tical grounds, which may probably form the subject of a future 
communication. 

I may further mention, that I have found that the platinum 
salts of pvridine and picoline undergo a peculiar decomposition 
when boiled, platinum bases of very remarkable constitution 
being formed. I am extending this investigation to the other 
bases^ and hope that my experiments will, at no distant date, be 
sufficiently advanced for publication. 



XXXII. On a more convenient form of apjjitjuu/ Gallic Acid as a 
Developing Agent in Photography. By Willi am Ckuukks,/^*^'.* 

AiMOXO- the more troublesoinc operations occnrring in the 
practice of photography on paj)cr, when pur-iird on any 
extensive scale, is the frequent preparation oi' large (luati titles of 
gallic-aeid solution. I believe Islw Sj)illert was the iirst to 
suggest a meaus by which this di&cuity may be practically 

♦ Communicated by the Author. 

t Journal of tlie Photographic Society, vol. ii. p. 56. 

Phil. Mag, S. 4. Vol 9. No. 58. March 1855. Q 
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overcome : be recommends the addition of a imall proportion 

of alcohol or acetic acid to the aqueous solution, which will so 
nrrest decom})osition as to reiuUr it possible to keep in stock a 
quantity of this reagent^ as we should of any other stable piepa* 
ration. 

Having undertaken the arrangement of the department ia 
this Observatory in which photography is applied to the regis- 
tration of the various incteorological phaenomena, and having 
for many reasons dcci li d u|)on the use of the wax-paper pro- 
cess* as that hest ntlapted to the purpose, I have naturally beea 
anxious to avail myseli of any improvements wliich may tend to 
diminish the labour or conthbutu to the general perfection of 
the result. 

At first the solution of gallic acid for developing tlie latent 
image was prepared iu large quantities at a time, and picsci ved 
from decomposition by the process just referred to ; but the 
amovnfc of liquid neeessary to be prepared at encej in order to 
laat any length of time, proved to be ao bulky^ tJiai I waa in- 
duced to try whether the method oonld not be ao ikr modified 
aa to admit of the water being entirely left out of the atock ao- 
ItttioDj and only added as required for use* Thia led to the em<» 
ploymeDt of aloohol aa aaolvent for the gallie acid ; and finding 
that under theae conditions the character of the latter aa a de- 
veloping agent waa greatly heightened, I resolved to make a few 
experimente on the subject, the result of which I beg leave 
to communicate, in the hope that the particulara will be found 
useful to others similarly situated to myself. 

Two ounces of gallic acid are to be dissolved in 6 omicea of 
alcohol (60° over proof) ; to hasten solution, the Hask may be 
conveniently heated by immersion in hot water ; when cold, it 
should be filtered, mixed with half a drachm of glacial acetic acid, 
and preserved in a stoppered bottle for use ; so prepared, it will 
keep unalterrd for a considerable length of time. The gallic 
acid is not precipitated from this solution by the addition of 
water; consequently, if in any case desirable, the development cf 
R pict ure may be effected with a much stronger bath than the 
one u-nally eiuployrd. 

To ()l)tain a solutiun of about the same strength as a saturated 
aqueous solution, half a drachm ot ihe above would require to 
be added to 2 ounces of water ; but for my particular pui-pose 
I prefer a weaker bath, which is prepared by mixing half a 
drachm with 10 ounces of water. In i ilher case it will be 
found necessary to add sokiLiun ui nitialc of silver in :$mall 
quantities as the developing pictoic seems to lequue it. 

BAdcliffe Obsmatory, Oxford, 
Febmaiy 1865'* 

♦ Notet and Queries, vol. vx. p. 443. 
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XXXIII. On the Gold Fish of Franklin, 

N a note at the foot of page 2oO of the 37th vohime of the 
Philosophical Magazine, a cpiestion of interest both in a me- 
chanical and electrical point of view is suu:gested by the follow- 
ing statement of Prof. W. Tlmmson : — " The phanomenon of a 
solid body/* writes "Mr. Thomson^ "/ic^rvriV/ frficJij in fhr air, 
in iifabh' fijuilibriumj mithout any external aujiport, has nrrcr, I 
am convinced, been vninessed as the result of any electrical or 
maynetical experiment ** Au experiment described by Franklin, 
and redescribed by Prof. Srtsczek of IVsth*, without any know- 
ledge of what Franklin had done previously, seems to furnish the 
precise fact alhuled to by Prof. Thomson. If the knob of a 
charged Ijcyden jar be caused to ajipiuaeh a nuuibcr oi .sciaps of 
gold-leiif, the consequent jumping of the leaves is well known. 
If a certain shape be imparted to the gold-Icaf, when the knob is 
mpproached the leaf is attracted and moves towards the knob ; 
bnty before it reaches the latter, it is arrested, and hoTcrs in the 
air, like a fish in water. When the atmosphere is drjr, the leaf 
can be presenred swimming for hours together ^ withont any 
eirtemal support or constramt.'' 

The following description of the experiment by^ Prof. Srtseiek 
is taken from FoggendorfiTs Amudm, vol. Ixxxviii. p. 493. 

Let a small L^den jar which can be held convcnicntlv in the 
hand be charged with, say positive, electricity. JiCt the knob be 
gradually brought near to several bits of gold-leaf lying upon 
clean paper, from 6 to 12 lines in length, and ftt)m a line to a 
line and a half in width : they mav De rectangular, loienge- 
ahsped, trapesium-shaped or triangular. 

A jumping of the leaves immediately commences, but soon 
the remarkable fact will be witnessed that one or more of the 
scraps ^ill suddenly halt in their movement, and remain freely 
floating in the air; sometimes rotating round the knob of the 
jar, and showing a tendency to rotate round their own axes. 

The knob must vcnch several inches above the iiisulated rim 
of the jHT, «o t!mt scraps whieii hover at a consider <l)le distance 
mav not be attracted bv the rim. At the condiiLtor of a nia- 
chine the swimming of the gold-leaf is also seen at a much 
greater distance fa foot for example), but the experiment does 
not succeed so quickly. The leaves must be smooth, and of an 
elongated shape. 

ith the s^aiiic strength of charge, portions of gold-leaf, 
equally long, but of different shapes, hover at diiferent distances 
from the knob. 

* An<l we beUeveaeibibited ia a modified fbrm by Fkof. Fsiaday ia his 
puhhc lecturet. 

Q2 
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With the same charge, and scraps tolerably alike in shape^ 
the long ones hover at greater diMances than the short ones. 
This^ is most plainly seen when the experimenter ancceeds in 
cansing several scraps to swim at the same time. 

When the charge diminishes in btensity, the leaves slowly 
approach the knob of the jar; when> however^ by means of the 
knob of a second jar, electricity is communicated to the former^ 
the leaves again recede. In this manner, when the air is dry, a 
scrap of gold-leaf can be kept swimming for hours. 

In some cases the rotation first begins when the floating leaf 
comes near to the jar, and the rotation ia accelerated as the leaf 
approaches. 

With scraps of a suitable shape, the equilibrium is so stable 
that the upright jar may be suddenly pulled downwards, with- 
out altering the hovering condition of the scrap of gold-leaf. 

From the side of the leaf most distant from the jar electricitj 
is given off of the same name as that wherewith the jar is 
charged; and it has the power of propagating itself to a consi- 
derable distance. When a gold-leaf electroscope is placed near 
the fish/' a permanent divergence is observed after the instra- 
ment has been removed. 

When the swimming leaf is removed from the neighbourhood 
of the knob, by suddenly withdraw ing the jar, it is found that 
those pieces whicli swim at about an inch distance are in a neu- 
■ tral condition ; while those which swim at a less di^tanci arc 
negative. Only such as, wlnle swimming, come very near the 
knob of thejai , show sometimes positive electriritv. 

In a note to this paper Prof. Poggendorii remarks: — "Al- 
though tiie more recent treatises on electricity do not mention 
the fact above described, still it is not new, the experiment 
having been juade by Frankbn in 1749 on the conductor of an 
electric machine (see Experimental Observations on Electricity, 
&c. London, 17G9, p. 72). The free hovering of a piece of 
gold-leaf, in so stable a position, must always be regarded as 
a most reniarkiiljh^ tact, which is deservinir of revival, particu^ 
larly as very tew appear to be acquaint id with it.'* 

In the following vulunie of the xlitnalm, j). 1G4, Prof, lliess 
makes the following rciiiarks: — "A bit of gold-leaf, dijlfermtly 
pointed at its ends, and with its blunter end towards the con- 
ductor of an electric machine, flics towards the latter, aiul re- 
mains floating at a distance from it, because the tkitric wind 
generated at the blunter end drives it back, while that generated 
at the sharper end and the electric attraction drive it towards 
the conductor. A point on the side of the strip of gold-leaf 
must cause an axial rotation* The same action may be observed 
with a sewing-ueedle which has its eye broken off. When it is 
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suspended horizontally and the knob of a Ley den jar is careful ]y 
brought near it; at a certain distance from the knob the pointed 
end is strongly repelled, while the blnnt aid is attracted/' 

We may add to these remarks, that in some cases we have 
snceeeded in eansing a bit of gold-leaf to flatter so speedily as 
almost to obscure its shape, and give it the appearance of an 
insect' bnsily plying its wings. When the hand is approachedj 
the fluttering oeaaes, and the little swimmer floats tranquilly in 
the atmosphere. So strong is the electric wind proceeding nom 
the floating seraph that it can be distinctly fdt, as a cold draft> 
aft a distance of 5 or 6 inches. 



XXXIV. Proceedings of Learned Societies. 

ROYAL SOCIETY. 
[CuntiuLicJ from p. 15^).] 
Ncnr. 16, 1854. — Colonel Sabine, R. A., V. P. and Treus., in the Chair. 

THE following communications were read :— 
"Observations on the Respiratory Movements of Insects." 
By the late William Frederick Barlow, F.K.C.S. Arranged and 
communicated by James Paget. F.IiJS. 

This essay contains the greater part of a series of observations 
made between 1845 and 1850. 'i he following are some of the 
eonclusions which they pJainly indicate : — 

(1.) The respimtory movements of OrriL'-on-flics (Libellula"), and, 
probably, of other insects also, arc naturally subject to considerable 
and frequent variations in force and rate, the causes of many of 
these variations being as yet unknown. 

(2.) The respirations of these insects arc always quickened by 
exercise, emotion, rise of temperature, galvanism, and mechanical 
irritatioa; and the last three agents quicken them in the decapitated, 
as well as in the perfeotf insect. 

(3.) The respiratory movements of each seg^mcnt of the trunk are, 
in some measure, indepcntlcnt of those of the rest, although in the 
peifec*^ insect they concur in all the segments. They continue to 
be performed, though feebly and slowly, in separated scgmcuU;, pro- 
vided their nervous cords and ganglia are entire : and they may be 
abolished in single and successive segments by the local action of 
ddofoform* 

(4.) The removal of the head, Including the supra- and sub*ceBO- 
phag^ gangUa, does not, like the removal of the medulla oblongata 
of the vertebrate animal, put a stop to the respiratory movements of 

the insect ; but it diminishes their frequency and force, and deprives 
them of all influence of the will and of mental emotions. 

(5.) The shock luiiicted by tlie sudden destruction of the head, or 
of the terminid part of the abdomen, generally stops all the respira- 
tory movements of the insect for a time, and mu^i enfeebles them 
during the remainder of its life. 

(6.) Hie general tendency of the observations is to corroborate 
the opinion of the sdf-sofficiency of the several ganglia for the 
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movementt of thair appropriate flegments, andt tlmi fitf • to inaiatua 
the belief in their eieentiel mdqienoenee. At die eame time, the ob* 
■eiratiom on the diffoaed influence of shocks ecoord with those of 
the coofdtnate similar movements of all the segments, in proving 
their close mutual relationB and mutual influence* 

Nov. 23, 1854.— Thomas Bell, Esq., V.P.. in the Chair. 

On the Theory of Definite Integrals." By W. U. L. KusseU. 

Esq., B.A. 

I prop cj?e in the following paper to investigate some now methods 
for summing various kinds of series, including almost all of the more 
important which are met with in analysis, hy means of definite 
integrals, and to apply the same to the evalnation of a lane number 
of definite integrals. In a paper which appeared in the Cambridge 
and Dublin Mathematical Journal for May 1854, 1 applied certain 
of these series to the Integration of linear differential equations by 
means of definite integrals. Now Professor Boole has shown, in an 
admirable Memoir which appeared in the Philosophical Tran^tirtions 
for the year 1844, that the methods which he has invented for the 
integration of linear differential eq^mtion? in finite terms, lead to the 
summatiuu of numerous sericii of uu exactly similar nature, whence 
it follows that the combination of his methods of summation with 
nine, leads to the evaluation of a large number of definite integrals, 
as will be shown in this paper. It is hence evident that the discovery 
of other modes of summing these series by means of definite integrals 
must in all cases lead to the evaluation of new groups of definite 
integrals, as will also be shown in the following paj»^s. I then point 
out that these investigations are equivalent to finding all the more 
important definite integrals whoee valuer can he obtained in finite 
terms by the solution of linear differential equations with variable 
coefficients. Again, there are certain algebraical equations which 
can be solved at once by Lagrange's scries, and by common alge- 
braical processes ; the summation of the lormer by means of definite 
integrals affords ns a new class of results, which I next oonsider. 
A continental mathematician, M« Smaasen, has given, in a recent 
volume of Crelle's Journal, certain methods of combining series 
together which give us the means of reducing various multiple inte- 
gral" to single ones. The series hitherto considered are what have 
been denominated "factorial scries;" but, lastly. I proceed to show 
that analoL'Ous j)rocesscs extend to series of a very complicated 
nature and ut an entirely diilerent form, and for that purpose sum 
by means of definite integrals certain series, whose values are obtained 
in finite terms in the *'£xereices des Mathtoatiquee ** by means 
of the Residual Calculus. The total result will be the evaluation 
of an enonnous number of definite integials on an entirely new type, 
and the application of definite integrals to the summation of many 
intricate series. 

Dec. 7, 1854. — Colonel Sabine, V.P., in the Chair. 

The following commniiicatiuna ^vtre read - 

" On the AttiacUuii ui the Himalaya Mo^tfuns, and of the devaled 
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Mgion beyond them, upon the Plumb-line in India." By tfaeVoie- 
rable John Heniy Phitt, M.A., Archdeacon of Calcutta. 

The author cormnences by observing that it is now well known 
that the attraction of the Himalu) a Mountains, and of the elevated 
region beyond them, has a sensible intiuence on the ];lumb-iine in 
North India. This circumstance was brought to light during the 
progress of the great trigonometrical survey of that country. It 
was found by triangolation that the difference of latitude between 
the two extreme stations of the nofthern division of the are, namely 
KaHanpur and Kaliana. is 6° 23' 42"'294, whereas astronomical ob* 
servations shown difference of 5^ 23' 37"*058, which is 5''-236 leu 
than the former. 

That the geodetic operations are not in fault, appears from this; 
that two bases, about 7 miles long, at the extremities of the arc 
having been measured with the utmost care, and also the length of 
the northern base having been computed from the measured length 
9i the southern one, through a chain of triangles extending about 
370 miles, the difference between the measured and the computed 
lengths was only 0*6 of a foot, which would produce, even if wholly 
lying in tlie meridian, a difference of only 0"'006 in the latitude. 

The difference 5"* 236 must therefore be attributed to some other 
cause. A very prolmble cause presents itgelf in the attraction of the 
superficial matter which lies in such abundance oa the north of the 
Indian arc. It is easily seen that this disturbing force actb in the 
right direction, that is, it diminishes the difference of astronomical 
latitude between the two stations. Whether the cause here assigned 
will aceonnt for the error in the difference of latitude in quatuSy aa 
well as in direction, is the question which the author proposes to 
discuss in the present paper. 

It might seem at fint sight that if mountain attraction were so 
influential as is here supposed, it would disturb the geodetic opera- 
tions, «lnce in observing the altitude or depression of one station as 
seen from another, the error in the plumb-line must come into cal- 
culation. 7'he author b!io\v>s, Lowcvti-, by mathematical calculation, * 
tliat tiie effect ol uiouutuiiji attraction on the gcuclcLic operations is 
perfectly insensible, so that it is clearly the astronomical operation 
of findiug the difference of latitude that requires the correction. 
This is further apparent from the results obtained by Colonel Everest 
on attempting to determine the azimuths of the arc at seven stationi 
astronomically. 

To show the importance of considering mountain attraction in the 
delicate problem of the figure of the earth, the author investigates the 
€ifect of a small error in the uiderence of latitude of the extremities 
of an arc on the deduced value of the earth's ellipticity. As two 
unknown quantities occur in the deterroinatiun of the spheroid of 
revolotion whieh most nearly agrees with the earth, namely a the 
equatorial radius and s the elliptictty, two arcs axe required in order 
to determine them. The author sdects the Rusnan are, measured 
near North Ctepe, as the most advantageous with which to combine the 
aortfacni portion of the Indian ihowa that aa eifor of ^'''236 ia 
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defect in the ampUtade of the latter would diminish the TBlue ofUie 

ellipticity resulting from the two by about the ^th part of the 
whole. If the effect of inoiintmn attraction be as g7*eat as the author 
calculates it to be« (15"'8ti5 in the northern portion of the Indiaa 

arc,) the ellipticltsr would be diminished by ~ i , and even by as mudi 
if the whole Indian arc from Kaliana to Damaigida were 

o 

employed. 

The author th^n proceeds, first to develope his method of calcula* 
tlon, and then to reduce bia formula to numbers, according to tiie 
best data which he was able to collect. 

' An expression is first investigated for the horizontal attraction of 
a prism of the earth's crust standing on a given small base, Inmng a 

small hciLHit, and situated at a given angular distance fmcfisured 
from thr ( ('Hire of the earth) from th«^ (station, A, at wlut h tlie at- 
traction IS sought. In the cases to \\ hich this expression is employed 
it reduces itself without sensible error to 



where M is the attracting mass, a tijc chord joining its base with A( 
and 9 tlic anj^le .snhtcndcd by this chord at the earth's centre. 

In applying this expression to the problem in hand, the author 
divides the earth's surface into lines, by vertical plane? ]ifi.->ing 
through at equal angular distances. These lines are iurtlier &ub- 
dividcd by small circles having A for their common pole, and in this 
manner cutting the whole surface into curvilinear quadrilaterala. Ho 
then inyestigates what the law of dissection must he, that ia, accord* 
ing to what law the radii of the small circles must be taken to in- 
crease, in order that the horizontal attraction of the portion of the 
crust ptandin*:: on one of the quadrilaterals may he eqnn! to the pro- 
duct of its avcrap;c heiglit and density by a constant (juantity, iiide- 
])endcnt of the distance of the quadrilateral from A. if a and a-\-p 
be the angular judii t>i two consecutive small circles, tliere results 

??^li*+i^)=a constant quantity=rc. 

To fix the value of this constant, the author assumes f =^ > when 

4 

p and a are indefinitely small, which gives ^=2l* above 

equation may then be solved numerically with sufficient approxima- 
tion . in this manner a table is calculated of the radii oi the &uc- 
cesstve small circles. 

These distances should he laid down, and the circles drawn, on a 
map or globe, as well as the lines dividing the surface into lines. 
Nothing then remains to be done but to ascertain the average heights 
of the masse? standing on the compartments thus drawn. 
' The author's paper was accompanied by a plate represoiting an 
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outline of the continent of Asia. On this was laid duwn a polygonal 
figure DEFOHIJKL. (which for convenience the author calls the 
endoeed vpace") marking the boundary of an irregular mass, 
which la the only part of the earth's sur&ce that appears to have a 
sensible effect on the plumb-line in India, The boundaiy of this 
space is thus defined :— 

DEF is the Himalaya mnpre, linvinf^r a bend at E from north-west 
on the left, to east-by-aouth on the right. FG is a range runninri; to 
the table-land of Yu-nan in lat. 25° and long. 103°. GH is the 
range of the Yini-Liag mountains, in which there are many peaks of 
perpetual snow. HI is the Inshan range. IJ is the Khing-khan 
range, very steep on the east side, not so on the west; the passes 
are said to be 5525 feet above the sea. JK is the Altai rBnge» th^ 
highest peak ol which is 1 6,800 feet; the average height is 6000 : the 
nmge declines towards the east. KL was once thought to be a 
range of mountains, but is now found to be a line of broken countrj'. 
LD is the Bolor rann;c, risinLT to an elevation similar to that of the 
Hindoo i\oo?h. There are besides these two ranges of mountains 
runnin<r into the enclosed space, parallel to the Altai and Southern 
HiiQulayas, namely tlie Thian-Schan range, or Celestial Mountains, 
and the Koen-Luen range, being a eontinnation of the Hindoo Koosh« 
which rises from an altitude of 2558 feet near Herat to about 20,000 
^^here it meets the Bolor range* It is, however, with the elevation 
of the enclosed space itself that we are principally concerned* since 
ranges of mountains have not so impwtant an influence, when 
distant, as table-l.inds of elevntion. 

Before describing the country within these limits, the author crlves 
a general sketch of the parta which lie o^ll^i(le, from which it ap- 
pears that the calculations may be con&ned to the enclosed space. 
He then describes in detail the nature of the country within the 
boundaries of the endosed space, commencmg with the Himalayas, 
which rise abruptly from the plains of India to 4000 feet and more, 
and cover an extensive broken space some 100 or 200 miles wide, 
rising to great heights; perhaps 200 summits exceed 18,000 feet; 
the highest reaches to more than 28,000. The general base oa 
which the«e peaks rest rises gradually to 9UU0 or 10,000 feet, where 
it abuts ou the great plateau north of the ran pre. The character of 
the country to the south of this plateau is much better known than 
that to the north. If a cirde with a radius 5^*046 (the value of one 
of the radii employed in the dissection) be drawn around Kaliana, 
it will pass over the highest part of this plateau. This circle divides 
the enclosed space into iwo portions, of which the southern is called 
by the author the "Known" and the northern the "Doubtful 
Region." The efTect"? of the two portions nre separated in the cal- 
culation hy the introduction of an arlntrary factor. 

Alter dti-cribmg the doubtful region, as far as was possible from 
the data to which he had access, the author assumes, as the best 
general representation of the facts, that to the north of a line run- 
ning through Leh and H'Lassa the doubtful region slopes gradually 
fnm 10,000 feet down to 2500 along a parallel Ime nearly in its 
«eiitie» and thea rises again at the same angle to the norths and that 
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the portion to the south of the line first mentioned, and not included 
in the known region^ slopes at four times timt nite. 

The author then proceede to numerioal aummationt replacing an 
integration to be extended over the whole of the enclosed apaoa* 
The breadth of the lines employed in the calculation ia taken Rt 30% 
which is Bhown not to be too large to give good results. The IbU 
lowing are the results obtained 

Arising from 
known 

Station A. Kalians. Told. 

n 11 II 

Deflexion of plumb- line in meridian 12*972 14*881 27'S53 

Correction of same for every lOOl Q.3i2 0*260 

feet of change in heights . . . • / 

Deflexion of plumb-line in prime 1 8*136 8*806 16*942 

vertical / 

Station B, Kaiianpur. 

Deflexion in meridian 3-219 8*749 11-968 

Correction for 100 feet 0 009 015S 

Deflexion in prime vertical 0*789 3-974 4'763 

Station C, Dnmargida. 

Deflexion in meridian 1-336 5*573 6*909 

Correction for 100 feet 0*022 0*100 

Deflexion in prime vertical 0 000 2*723 2-723 

whence there results. 

Total deflexion at As: 32- 601, and in azimuth 31 18 East. 
Total deflexion at B= 12 BSD, and in aamuth 21 42 East. 

Total deflexion at C= 7*426, and in aximuth 21 31 Eaat. 

If 

Diflerence of meridian deflexions at A and Bsl5'885. 
Difference of meridian deflexions at A and 0^20*944. 
Diflerence of meridian deflexions at B and C= 5*059. 

The first of these ditieicnces is considerably greater than 5*-236, 
tlie quantity brought to light by the Indian Survey. 

The author then examines these values more minutely, and eon* 
aiders the efi^t of various hypotheses for reducmg them. 

In the first place, the density of the attracting mass may have been 
assumed too large. The density assumed ia 2*75 that of distilled 
water, the value assumed as the mean density of the mountain 
Scbehallien in the calculations of Maskelyne. This can hardly le too 
great, but at any rate no remarkable supposition relative to the density 
can reduce the attraction by more than a small fraction of the whole. 

Next, the mass of the doubtful region may have been assumed 
too preat. This hypothesis is then examined by the author, who 
concludes that even the extravagant 8upi)Otttion of the non-exisfe- 
ence of that region will not reduce the difference of meridian de< 
flexions at A and B lower than to 9''«753. 

A third means of reduction may be looked for in the known r^gioiL 
A large part of the attractioii belmigiDg to tfaia xegioa ansea from 
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the Great Plateau. It would be necefisary to cut down thi^ plateau 
ftA much OS 6000 feet to reduce the deflexions at A and B to 23G, 
•fCD were the whole masa on the doubtful region non-existent'^ so 
that it appeiXB to be quite hopeless, by any admisiible hypothens 
nUtive to heightei densities, &o., to reduce the calculated deflexion 
•o at to make it tally with the error brought to light by the suirey. 

After entering into some elaborate osculations confirmatory' of 
the previous results, the author concludes by calculating the form of 
the f ntlian arc, that is, by determininD^ what spheroid of revolution, — 
the axis of revolution being the earth's axis, — vrould most nearly 
coincide with that arc without reference to the rest of the earth, the 
data employed being the lengths and amplitudes of the northern atid 
southern portions of the arc, and of course their sum, and likewise 
tbe latitudes, or at least approximate latitudes, of the middle points 
of the aioe. Bj juang the amplitudes uncorrected for mountain 
wttntdon, the author obtains for the value of the elliptictty deduced 
from the Indian arc alone nearly agreeing with j^, which is 
Col. Everest's result; but by using the amplitudes corrected for 
mountain attraction according to the author's calculation, the elUpti- 

dty is reduced to He concludes that the arc is more curved 

than it would be if it had the mean cllipticity of the earth, and 
regards the supposition of a general deviation of the earth's surface 
in that region from the mean spheroidal form as the most satisfactory 

mode of accounting for the discrepancy. 

" On the Value of Steam in the Decomposition of neutral Fatty 
ikxiics." By George Wilson, Esq. 

In the couTbe of a long series of experiments cuiiductcd on a large 
scale, the anthiar has observed that the so-called neutral fatty bodies 
maj be resolved, without danger of injurious decomposition, into 
glycerine and fatty acids, provided the still is maintained at a uni* 
form high temperature, and that a continuous current of steam is 
admitted into it. 

The temperature required to effect the splitting: of the fat.^ into 
their proximate elements varies with the nature of the body itself, 
but all hitherto tried may be resolved into glycerine and fatty acid 
u\ a temptrature of 560'' Fahr., many at much below that tempera- 
ture. Al a further period it is the author's intention to lay before 
the Society a detailed account of his experiments, with the confirma- 
tory analyses but in the mean time he states that palm oil, cocosp 
nnt oil, fish oil, animal tallow, Bomean vegetable tallow, Japan 
vegetable wax" (more properly tallow), and several others have 
yii-lded satisfactory results, the fatty acid and glycerine distilling 
over together, but no longer in combination, and separating in the 
receiving vessel. 

Dec 14, 1854.^The LoidWrottesley.FMdent, in the Chair. 

" On the Structure of some Limestone Nodules enekMed in Seams 
of Bituminous Coal, with a Descripf i n of some Trigonocarpons con- 
tsinedinthem." By J. D.Hooker, M.D.,F.B.S., and E. Binney, Esq, 

Thf author" fir?t describe the orrurrenee of the limestone nodules, 

which form a coatiauous bed the centre of a tliia sffwn of bitumi- 
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noos coal in the lower part of the Laneaslure coal-field. Tlie no* 

dules were of various sizes, 8ome weighing many pounds, and caused 
the coal to bulge out both above and below them, and they were 
found to be entirely composed of vegetable ti??iies converted into 
carbonate of lime and mag'nesia. Their formation is supposed by 
the authors to be due to infiltration of water through the superin- 
cumbent shales, which were full of fossil shells supposed to be of 
marine origin, and the aggregation of the mineral matter round 
centres of vegetable remains. The chemical conatitaents of the 
nodules were found to be carbonates of lime and magne8ia» aesqni* 
oxide and sulphate of iron, with a little Garbonaoeous matter. 

The probability of these nodules repiesenting an average sample 
of the vegetable constituents of the surrounding con! is then dip- 
cussed, and attention is drawn to the very great interest and import- 
ance that would attach to theiu were such a view substantiated, as 
showing the exact nature of tiie association of plants which is 
capable of conversion into bituminous coal. 

AXi the plants contained in the nodules were common in other 
parts of the coal formation, viz. CaUmoieiidrw, Hahma, SipUarm, 
Lepidodendron, SHgnuorm, Mgonocarpon, Anaboikra, and others; of 
these the first'Damed genus occurred in the greatest abundance and 
as large fragments of fossil wood. Very mnny of the specimens 
were sliced, and bcino; reduced to very thiii tninsparent sections, 
were examined with the view of determining the botanical character 
of their contents, and the intimate structure of the masses of more or 
less homogeneous aspect to which they were reduced by dccompo* 
sition, previous to or during the operation of caldficajtion. The re- 
sults were very satisfoctory, and seemed to indicate tfiat traces of 
vegetable structure may be completely obliterated in the substance 
of highly bituminized coal, which may nevertheless also contain frag^ 
ments of wood with their ti«cues pre«ervtnl. 

An account is then given of tlie examination of the details of 
structure of Trigonocarpon, and this, as well as the comparison of 
Trigonocarpon witli the modern genus Salisburia, is illustrated by 
drawings and analyses. 

The authors ere still engaged with the study of these nodulest 
with the view of showing &e relationship between Calamodeiubron, 
Calamites, SigUhHa and Ana^kra, and the details are prepaiing for 




XXXY. Inielligenee and Miscelkmeoua Ariideg* 

OllJI CT OF SALT IN THE SEA. 

AT a recent Meeting of the Canadian Institute, a very interesting 
paper was read by Professor Chapman, of University College, 
Toronto, on the " Object of the salt condition of the Sea." Pit)- 
feasor Chapman began by assuming that the sea was created salt 
from the beginning, and for some beneficent purpose ; and then 
proceeded to discuss the views hitherto advanced in elucidation of 
this object. ITie su^rstion, that the «ea is palt in order to preserve 
it in a state of purity, was considered to be untenable for .several 
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rasoDs; mainly, however, from the fiict, that orgaiue impurities 
when diffused through a vast hody of moving water, whether fresh 
or lalt, become altogether, and very lapidly loet; lo much bo, indeed, 
as apparently to have called forth a special agency to arrest the 

total annihilation of orjranized matter in it« final oscillation between 
the orn:iiiHc and inon;ii[iic ^vorl(l^. The author alluded to the count- 
left's liDsts of microscopic creatures which swarm in most waters, 
aiA whose principal function has heeu ahly surmised by the great 
anatomist. Professor Owen, to be that of feeding upon, and thus 
reatoriag to the Umg cham, the ahnoet unoigani^ matter diffused 
through their vaiioiis xooes of habitation. These creatures preying 
upon one another, and being preyed upon by others in their turn, 
the circulation of organic matter is kept up, and carried through its 
appointed rounds. If we do not adopt this view, we must at least 
look upon t!ic Infusoria, the Foraminifera, and many of the higher 
t}'pes, as scavenger agents appointed to prevent an unciiic accumu- 
lation of decaying matter; and thus, as before, the bait condition of 
the sea does not become a necessity. It was shown also, that, under 
many circumstances, the amount of saline matter iu tiie i>ca is not 
sufficient to arrest decomposition. Other suggestions, to the effect 
that the sea is salt in order to render it of greater density, and by 
lowering its freexing-point to preserve it from congelation to within 
a shorter distance of the poles, were then discussed in their more 
prominent leUUions. The value of these suggestions in a secondary 
point of view was fuHy admitted, but shown, at the jarae time, to 
be scarcely adequate to meet tlie entire solution of so vast and grand 
a problem as tbat which is mamfestly involved in the salt condition 
of the sea. The freezing-point of sea water, for instance, is only 
3^ F. lower than that of fresh water; and hence with the picaeut 
distribution of land and sea,— and still less, probably, vnih that 
which obtamed in former geological epochs — ^no very important 
effects would have resulted had tiie ocean been fresh instead of 
a^t. So far as regards the habitable portions of the world, the 
present difference would be next to nothing. Professor Chapman 
here submitted to the Institute a suggestion which he believed to 
be original, in reference to the question under discu5?inn. He con- 
sidered the f*alt condition of the sea as mainly intended to re<jula(e 
evaporu!i'.j/i , aud to |)icvent nn undue excess of that phenomenon 
under the iullucuce of any distui'uiug causes that might from time 
to time arise. It is well known that under the same atmospheric 
pressure different liquids have very different boOing«pointS } and m 
lOce manner, saturated solutions evirate more uowly than weak 
ones, and these latter more slowly again than pure water. In sea 
water we have on an average about 3 per cent, of .solid matter, of 
which about 2*G consists of chloride of sodium or common salt. 
The results of certain cx})crimcnts by the author in reference to 
evapK)ration on weighed quantities of ordinary rain-water, and water 
holding in solulit n 2*6 per cent, of salt, were then given. The excess 
of loss of the rain-water over the water of the salt solution was, for 
the first twenty-four hours, 0*54 per cent. ; at the close of forty- 
e%fat boora* IHM per cent. ; after serenty^two hoars« 1*46 per oent». 
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and 80 on, always in an increasing ratio ; the experimeate ia eftch 
case being carried on for six days. 

Here, then, M e have a 6eli>adjUi:Uug phaenomenon, one uf those 
admirable contrivaocea in the balaaoe of forcei» whidi an attentive 
■tudy of nature reveals to us in every direction. If, other conditions 
being equal, any temporary cause render the amount of saline matter 
in the sea above its normal value, evaporation goes on the more and 
more slowly ; and, on the other hand, if this value be depreciated 
by the addition of fre^h water in undue excess, the evnporating 
power is the more and more increased — thus aiding time, in either 
instance, to restore the balance. In conclusion, the autlior j)ointcJ 
out, chat the consideration of thii» pnucij[jie might &hed some further 
light on the geographical distribution of fresh and salt water lakes 
on the present suHace of the globe* 

ON AN AFPBABANOB nSN IN TRN MOON. 
BY BOBBRT HABT, BtQ. 

(Letter to the Astronomer Royal.) 

'* On the night of the 27th December, 1Sj4, between 6 and 7 p.m., 
the moon was very bright. I had brought my 10-inch reflector to 
bear upon the moon $ on the shaded side of the disc I observed a 
white spot, where I have maiked it on the sketch. As it was of the 
ccdour of the light of the moon, and not like starlight* I thought it 
part of the moon ; but as it disappeared in less than a minute after 
1 firtst observed it, I concluded it wn'^ a star eclipsed by the moon*. 
I now turned my attention to the light part of the disc, and my eye 
was at once attracted by an appearance I had never seen before on 
the surface of tiie muoii, although i e observed her often during 
these last forty years. She was 8^ 4^ old at the time, and just on 
the edge of the light, where I have marked on the sketch, there were 
two htmmow spots, one on either side of a small ridge, which ridge 
wa$ m the Ught, and of the same colour as the moon ; but these spots 
were of a yellow flame colour, while all the rest of the enlightened 
part was of a snowy white, and the mountain- tops tliat were coming 
into the li'j^ht, and Just on tfw shadow side of these spots, were of the 
same tuluur as the moon. The lights of these spots were like the 
light of the sctliny sun rtjlccted from a window a mile or two off, I 
observed it for five hours. I thought them rather less bright than 
as first seen, hut very little /est ; so bright were they, when the 
instrument was the least thing out of focus, they showed roye 
around them as a star would do. 

" As I live about two miles out of Glasgow, I had no scientific 
friend with mo at the time, but I called the attention of three gentle- 
men, iny iiLigiroours, and my own household, and they all described 
the appLMi unce as J saw it myself, and have given auuve. 

"1 wuuid have ioiiowcd it longer had I been able, but liic wind 
was very cold, 20^*5, and I had no shelter, as I take my telescope 

• This was, no doubt, the occultatiou of Piscium, which, aeconliug to 
the Nautical Almanac, was in coniunctioa with the mooii at 54"* 10*, oa 
the evnnng oi December 27, 1864. 
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outside. I left off about 12 p.k. ; and from tbe cloudy weather* I 
neirer saw the moon until she was nearly fnW, then only a few inmates* 
and again on tbe 10th January, at 4 a.m.; but tlic haze was too 
t>iTrk. I thought I might see them in tbe shade* but I could not: 
1 have never seen her since. 

May I ask the favour of yom laying this before the A«trono- 
mical Societ}', that we miglit learn if any of the members iiave 
observed this appearance in the moon, or have heard that it \va9 
seen by others. I shall be happy to learn if it has been taken notice 
of by any other observer, and tJieir opioion of it. 

It appeared to me, from the brightnees of the light and the con* 
tiast of ooloor* lo bi tm adwe voleanos mr iwa mouths of one im 
mction. 

If tliere was no star eclipsed by the moon at or about 7 p.m. 

that night, the white spot tliat was more like one of the mountain- 
tops tipped with light than a star, may have had some connexion 
with it.'*— Proc. Rot/* Astron. Soc. 1 Sju, p. 89. 

METEOROLOOTCAL OBSERVATIONS FOR JAN. 1855. 
Chitwiek. — Jan. 1. Cloudy : boisterous. 2. Densely clouded : slight rain : over- 
cast and mild. 3. Very fine. 4. Overcast. 5. Very line. 6. Oveieatt. 7. Deuely 
clouded. 8. Overcast. 9. Fine : slight rain. 10. Foggy : ver>' r^riin-c fog at 
Diglit. 11. Foffgy. 12. Foggy : hazy douds. 13. Overout t fine : cloudy : clear 
and frosty. Amr unusnaUy fine diy weather, a mMt serere period novir com. 
mences. 14. Pine : cloudy : clear with sharp frost. 15. Hazy : frosty. 16^ 
Slight rain: fro&ty. 17. Slight snow: clear and frosty. 18. Frosty: clear: 
snow. 19. Sharp iro^t : unifonuly overcast : clear and frosty. 20. Cloudy : 
mownng. 21. Sharp frost: frosty bate. 22. Snovnag: hasy. 23. Snoring: 
overcast. 24. Overcast : frosty. 25. Fine : Irofty. 26. Hazy. 27. Foggy : fine: 
frosty. 2S. Overcast. 29. Snow showers. 30. Snowing. 31. Chrsresits 
windy : drifting snow. 

Mfta temperature of the month d3"'45 

Mean temperature of Jan. 1 85 1 .«......,. 37*88 

Mean temperature of Jan. for the last Jwenty-nine years ... 37 '00 



B m i m* An . I. Vkmtfx stormy. 2. Cloudy. 8. Fine. 4—9* dondy. 10» 

Pine. 11,12. Cloudy. 13. Cloiulv : rain p.m. 14—16. Clondy. 17. Qoudy: 
snow A.M. 18—20. riondy. 21, 22. C loudy : snow a.m. and P.M. 23. Cloudy: 
aoow A.M. 24 — 26. Cloudy. 27. Fine. 28. Cloudy. 29. Fine : snow p.m. 30, 
SI. Gloiidy. 

Sattdtrick ifanse, Orkney. — Jan. 1. Sleet-showers a.m.: 8now.showers, frost 
p v. ? r 1rtu!r A \f . : fog I'.M. 3. Dri77,le A.M. : drizzle, showers P.M. 4. Bright 
A.M. : ruxu I'.M. 5. Siiowers a.m. : showers, thunder and lightning p.m. $• 
Showers, hright A.U.: showers, tbvnder and lightning p.m. 7* Drops A.ir.s 
dn7r> r.M. 8. Rain a.m. and p.m. 9. Clear a.m. and p.m. 10. Clear, frost a.m. : 
rain p.m. 11. Drizzle a.m. : cloudy p.m. 12. Clomly a.m. and p.m. 13, Cloudy, 
fine A.M.: fug p.m. 14, 15. Cloudy a.m. and p.m. 16. bhowers, bright a.m. ; 
doody P.M. 17. Clear, frost a.m.: fine, rain pjt. 18. Rrast, showers A.if. t 
damp P.M. 19. Drizzle a.m. : drI/./le, ^liov. ers p.m. 20, Damp, fine a.m. : fine, 
clear p.m. 21. Cloudy a.m. : fine, cloudy p.m. 22. Showers a.m. : slrrt p.m. 
23. Bright, frost a.m. : clear, frost p.m. 24. Bright, fro6t a.m. : tme, frust p.m. 
25. CkHidy A.H.t lain 9M» 26. Cloudy a.m. s snow-showers p.m. 27. Bri^t, 
fcmt A.M. : snnw.showers p.iti. 28, Snow*tbowen A.M. and p.ir. 29^1. SaoWf 
clear a.m. : frost, clear p.m. 

Mean tempentun oC Jan. for twenty-eight previous years ... 38"* 38 

Mean tamperatore of this month 38 *16 

Mean tempcrattrre of Jan 1^54 36 '46 

Arerage quantity of rain in Jan. for fourteen previoas years . 4*38 inchei, 




of rain in Jan. 



1*74 inch. 
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XXXll. Elementary Denyinsfj atioas of Propof^iimis in the 
Tiitoiy ofMaynetic Force* By Professor W. Thomson*. 

Vef, 1. rilU^ lines of force due to any magnet or eleetro- 
-L magnet^ or combinatioii of magneU of any kind^ 
are the lines that would be traced by placing the centre of gra- 
vity of a very small steel needle, perfectly free to turn about this 
point, in any position in their neighbourhood, and then carrying 
it always in tiie direction pointed by the magnetic axis of the 
needle, 

'Remark, Except in the cases of symmetrical magnets, the 
lines of force will genei-ally be lines of double curvature, and no 

set of them will lie in one plane. 

Def. 2. The imcs of component force in any plane arc the 
lines traced by placing the centre of gravity of a steel needle 
anywhere in this plane, nnd carrying it always in this plane in 
the nearest direction t«) that pointed by its magnetic avis ; that 
is, the direction of the orthogonal project ioti of the magnetic 
axis on the plane ; or the direction that tlie sleel needle would 
point with its mni^netie axis if placed with it in the plane, and 
free to turn about an axis through its centre of gravity perpen- 
dicular to the plane. 

Prop. I. If the line of compuueut magnetic force throngli any 
puint in a plane be curved at this point, the forcj will vary m a 
line perpendicular to the line ol force in its plane, increasing in 
the direction iuiitinh the centre of curvature. 

I^'t EABF be a line of comjiunent force in the plane of the 
diagram^ and lei GCDii be another near it, eauii and all between 

* Comnniiiicatod I17 the AntikHT. 

Phil Mag, S. 4. Vol. 9. No. 59. April 1855. B 
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them being curved in the same direction, the arrow head on each 
indicating the way a north pole would be urged* Let AC, BD 
be lines drawn pci'pendicolar to all the lines of component force 
between these two. Because of the cnrvature of these lines, the 
lines AC and BD (whether straight or curved) must be so in- 
cliiicd to one another that the portion CD cut off from the last 
shall be k-ss than the portion AB cut off from the first. Let a 
nortli pole of an infinitely thin, uniibnnly and loniritiuliiially 
iiiairTictizcfl bnr, of which the south pole is at a great distance 
ivinw the magnets, be carried ironi D to C along the line of com- 
jjonent force through tliese j)oints, from C t(j A j)erpendicular 
to all the lines of force traversed, from A to B again along a line 
of force, and lasth;, from B to 1) perpendicular to the lines of 
force. A\ ork must be spent on it in carrying it from C to D, 
and work is gained in passing it from A to B. Then, because no 
uork is eitlier gained or spent in carrying it from C to A or from 
B to D, the work gained in moving along AB cannot exceed the 
work tepcnt in the first part of the motion, or else we should 
have a perpetual development of energy from no aonroe*, by 
simply letting the cycle of motion be repeated over and over 



A P B 




again : and the work spent along DC cannot exceed that gained 
from A to B^ or else we might have a perpetual development of 
energy from no source, merely by reversing the motion described, 
and 80 repeating. The work spent and gained in the motions 
along DC and AB respectively must therefore be exactly equal. 
Hence the meau intensity of the force along CD^ which is the 

* [Note added Mareh 26, 18fi5.]— It might be objected, that perhaps 
the mnjj^et, in the motion carried on as dcscrilnd, woiiUl absorb licftt. ami 
convert it into mechanical effect, and therefore tluit there would be no 
absurdity iu admituii^ the hypothesisof a continued development of energy. 
Tbb objection, whi<^ has' o ccn i red to me tmce the present i)aperwiis 
written, is perfectly valid against the reason assi^ed in the teit forreject- 
in'_' tliiit hyiTothesis ; but tVie second law of tbo (h nnmical theory of heat 
(th« priiieipie discovered by (Jamotj and iutroiiuccil by Clautiiusand myself 
into the dynamical theory, of which, after Joule's law, it completes the 
ftrandstioii) diows the true reason for rejecting it, and establishes the vali- 
dity of the remainder of the rens()nin<j: iu the text. In fact, the only ab- 
surdity that would be involved in admittiufr the hypothesis that there is 
cither more or less w<»k spent in one part of the motion than lost in the 
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shorter of the two paths, must exceed the mean intensity of the 
force along the other ; and therefore the intensity of the force 
increases from P in the perpendicular direction towards which 

the concavity of t!ie line throngli it is turned. 

Pmp. Tf. The aui^inciitation ot the component force in any 
plane at an intiinteiy small distance from any point, to^\ :lrd8 the 
centre of curvature of the line of the component force through 
it, bears to the whole intensity at this point the ratio of the mti- 
nitelv small distance considered, to tlie radius of curvature. 

If, m the diagram for the preceding proposition, we suppose 
AB and CD to be infinitely near one another, and each infinitely 
sliort, they will be infinitely nearly arcs of circles with lutinitely 
nearly equal radii. Hence the difference of their lengths must 
bear to either of them the ratio of the distance between them to 
the radius of curvature. But the mean intensities along these 
Imes must, according to the preceding demonstration, be in- 
rersely as their lengths, and hence the excess of the mean inten- 
sity ill CD above the mean intensity in AB must bear to the 
lattei- the ratio of the excess of the fen«:^th of AJi al)o\c that ul' 
CD to the latter length; that is, as has been shown, the ratio of 
the distance between JiB and CD to the radius of curvature. 

Prt>p. III. The total intensity docs not vary from any point 
iBftnui^etic field to a point infinitely near it in a directioii 
popendicokr to the plane of curvature of the line of force 
throogfait. 

Pnf. lY. The total mtensity increaM from any point to a 
pnnt mfinitely near it in a direction towards the centre of cur- 
ntare of the line of force through it, by an amount which bears 
to the total intenaify itaelf, the ratio of the diitaiice between these 
tvo points to the radios of curvature. 

These two propositiona follow from the two that precede them 
by obrious geometrical consideratioas. 

[They are equivalent to asserting, that if X| Z denote the 
eoiBponentSy parallel to fixed rectanguhir'axes, of the force at any 

other, would be the supposition that m thenno-dynamie engine could absorh 
Wat from matter in Its iii ighbourhood, and eitner convert it wholly into 
EQf" hanieal eflTcct, or couvcrt a ])art into nief-hinucal effect and emit the 
rtiuAinder into a body at a hijgher temperature thau that from which the 
"ipply is diawn. The Invwtigatioii of a new branch of thermo-dynamiet, 
which I intend diorCly to conimaiueate to the Ro\ nl Society of £duibturgh, 
•hows thnt the niatrnct (if of ma^etized steel) does reaUy eiq^crie-nee a 
cooling etfect when its pole is carried from A to B, and would ex^rience a 
luting effect if carried iu the rcTcrse direction. But the same mvestiga- 
|ioaalM> tkowt Aat tiie magnet rnml abMrb jutt at mtidi heat to keep up 
ite temperature during the motion of itt pole fpilft the Ibfoe along AB, as it 
TQu&t emit to keep from riong uk tsMperatiiie whsn itt pole Is oaitied 
•gmit the forcci, along DC. 
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point whosecoordinatesare , s) , the expre9nonX<2r + Ydy + Zdz 
mast be the differential of a fanction of tluee independent vari- 
ables.] 

Mxammaiion of the Action experienced by an infinity thin tots* 
formly and longitudinally magnetised bar y placed inanon^wnfarm 
Field of Force, with its length direct along a tine of force* 

Let SN be the magnetised bar^ and ST^ NT straight lines 
touching the line of force in which^ by hypothesis, its extremi- 
ties lie, and P a point on it, midway between them. The result- 
ant force on the bar will be the resultant of two forces pulling ita 
ends in the lines ST, NT'. If these two forces were equu (as 
they would be if the intensity of the field did not vary at all 
along a line of force, as for instance when the lines of force 
are concentric circles, as they are when simply due to a cur- 
rent of electricity passing along a straight conductor; or if 
P were in a situation between two dissimilar poles symmetri- 
cally placed on each side of it), the resultant force would clearly 
bisect the angle between the lines TS, T'N, and would therefore 
be perpendicular to the bar and to the lines of force in the direc- 
tion towards which they are cunred ; that is (Prop. IV.), would 
be from places of weaker to places of stronger force, perpendi- 
cularly across the Hues of force. On the other hand, if the line 
of force through P has no curvature at this point, or no sensible 
curvature as far from it as N and S, the lines NT and ST' will 
be in the same straight line, and the resultant ibree on the bar 
will be simply the excess of the force on one end above that on 
the other acting in the direction of the greater; and since in 
this case (Prop. IV.) there is no vanatiou of the intensity of the 




Ibrcc in the field in a directiim perpendicular to the lines of 
force, the resultant force e\peri( need by the bar is still simj)ly 
in the direction in which the intensity of the tield increases, 
although this is now a direction coincident with a line of force. 
Lastly, if the intensity increases most rapidly in an oblique 
direction in the field, from P in some direction between PS and 
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PP', there must clearly be an augmentation (a ''component " 
augiiiciitation) from P towards P'; and theretbre (Prop. IV.) 
the line through P must be curved, with its cfjncavity towards P', 
and also a " component " augmentation froai N towards S, and 
therefore the end S must experience a greater force than the 
end N, It follows that the magnet will experience a resultant 
fonse along some line in the angle SNF^ that is, on the whole 
from places of weaker towards places of stronger force, ohliquely 
aeroaa the lines of force. 

Prop y. {MidimMi Lemma.) Two forces infinitely nearly 
equal to one another, acting timgentially in opposed dueetions 
on the extremities of an infinitely stnall chord of a circle, aro 
equivalent to two forces respectively alon^ the chord and per- 
pendicalar to it through its point of bisection, of which the 
former is eqoal to the difference between the two given forces 
and acts on the side of the greater; and the latter^ acting 
towardji the centre of the circle, b(;ar8 to either of the given 
forces the ratio of the length of the arc to the radios* 

The truth of tliis proposition is so obvious a consequence of 
"the parallelnp^raiii of forces/' that it is not necessary to give a 
formal demonstration of it here. 

Pr(^. VI. A very ?hnrt, infinitely thin, uniformly and ]onp:i- 
tudinally magnetized needle, placed with its two ends in one Inie 
of force in any part of a map^netic field, experiences a force which 
is the resultant of a longitudinal force equal to the diflFerence of 
the forces experienced by its ends, and another force perpendi- 
cular to it through its middle point equal to the difference be- 
tween the force actually experienced by either end, and tiiat 
which it would experience if removed, in the plane of curvature 
of the line of force, tu a distance equal tu the length of the 
needle, on one side or the other of its given position. 

NS being the bar as before, let I denote the intensity of the 
force in the field at the point occnpicd by N, V the intensity at S, 
J the intensity at F on the line of force midway between S 
and N, and J' the intensity 
at a point F, at a distance 
FF equal to the length of 
the bar, in a direction per^ 
pendiculartotheliiieitf ibrce. 
Thenifflidenotethe strength 
of magnetism of the bar, ml 
and ml' will be the forces on 
its two extremities respect* 
ivdy. Hence 1^ the mecha- 
mcal lemma, the resultant of these forces will be the same as 
tlie resultant of a force m(i*I') acting along the bar in the 
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direotion BN, and a force perpendicolir to it towards the oe&tva 
of onmture, bearmg the aame ratio to either ml or ail^ or to aiJ 
(which ia their mean^ and ia infinitely nearly equal to eaeh of 
ibim), aa NS to the radina of eonrature, or (by Prop. II.) the 
ratio of the CkeoM of the intenaity at F above that at P to the 
intensity at either, that is the ratio of J'<— J to and therefore 
itaelf eqnal to iii(J'— J). The bar therefore eiperiencea a force 
the sariK as the resultant of m(I— I') acting along it from S 
towards N, and m(J'— J) perpendicolarly across it towarda 
duongh its middle point. 

Cor, The direction of the resultant force on the bar ia that in 
which the total intensity of the field increases most rapidly ; or^ 
which is the same, it is perpendicular to the surfMe of no vana> 
tion of the total intensity. 

Prop. VII. The re^inltnnt fnm» on an infinitclv sninll niaprnct 
of any kind ])liu:cd in a magnetic licld, with its inajmctit- axis 
along the lines of force, is in the line of most rapid \ ruiation uf 
the total intensity of the liild, and is equal to the magnetic 
moment of the magnet multiphed by the rate of variation of the 
total intensity per unit of distance ; being in the direction m 
which the force increases wiien the magnetic axis is "direct/* 
(that is, in the position it would rest in if the magnet were free 
to turn about its centre of gravity). 

Cor. 1. The resultant force experienced by the magnet will be 
in the contrary direction, that i.s, the direction in which the total 
intensity of the field diminishes most rapidly, when it is held 
with its magnetic axis reverse along the lines of force of the 
field. 

Cmr* d. A ball of soft iron, or of any non-erystalline paramag- 
netic snbatance, held anyhow in a non-nniform magnetio field, 
or a ball or small fragment of any shape, of any kind dP para^ 
magnetic substance whether erystalline or not, left firee to turn 
about ita centre of gravity, will eiperienoe a resultant force in 
the direction in which the total intensity of the field increases 
most rapidly, and in magnitude equal to the magnetic moment 
of the magnetization induced in the mass multiplied by the rate 
of variation of the total intensity per unit distance in the line of 
greatest variation in the field. For such a body in such a poai* 
tion is known to be a magnet by induction, with ita magnet i c 
axis direct along the lines of force. 

Cor, 3. A ball of non-crystaUine diamagnetic substance held 
anyhow in a magnetic field, or a small bar or fragment of any 
shape of any kind of diamagnetic substance, crystalline or non- 
crystalline, ]ipld by its centre of gravity, but left free to turn 
about this point, experiences the same resultant force n? a small 
steel or other permanent magnet substituted for it, and heid with 
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its maenetic axis reverse along the lines of force. For Faruday 
hiAs di-( overcd, that a large class of natural substances in the 
Stat* vl conditions experience no other action than a tendency from 
pi(irr,< of stromj' r Inwards places of wenker force j quite irrespective 
of the tiirectiotis (lif lines of force may Jiave, and he has called 
such substanct s duunatmetics. 

Cor. 4. A diamafjnetic, held by its centre of jrravity but free 
to turn about tins point, must react upon other luaiciit ts with the 
sanu' forces as a steel or other magnet substituted in its place, 
and held with its magnetic axis reverse along the hues of force 
due to all the uiagnets in its neighbourhood. 

Cor. 5. Any one ol a row of balls or eubes of diamagnctic 
substance held in a magnetic field with the Hue joining their 
centres along a line of force, is in a locality of less intense force 
than it would be if the others were removed ; but any one ball 
or cube of the row, if held with the line joining their centres 
perpendicularly across the line of force, is in a locality of more 
intense force than it would be if the othen were removed. 

Cor. 6. When a row of balls or cabes, or a bar, of perfectly 
Bon-crystaUine diamagnetic substance, is held obliquely across 
the lines of force in a magnetic field, the magnetic axis of each 
ball or cube, or of every small part of the substance, is nearly in 
the direction of the lines of force, hut shghtly inclined from this 
direction towards ^e diieetion perpendicular to the length of the 
row or bar. Hence, since the magnetic aaus of every part differs 
only a little from hang exactly reoene aUmg Hb Imu of force, 
the direction of the resultant of the couples with which the mag- 
nets, to whidi the field is due, act on tluB parts of the tow or har 
must be audi as to turn its length along the lines of force. 

Cor, 7, The positions of equilibrium of a row of balls or cubes 
rigidly connected, or of a bar of perfectly non*crystalline dia- 
magnetic substanee, free to move about its centre of gravity in 
a perfectly uniform field of force, are either with the length amag 
or with tne length perpendicularly across the lines of force: 
poftitiona with the length along the lines of force are stable j 
positions wiih the length perpendicularly across the lines of force 
are mutable. 

Gpr. 8. The mutual influence and its effects, referred to in 
Cora. 5, 6, 7, is so excessively minute, that it cannot possibly 
bare been sensibly concerned in any phaenomena that have yet 
been observed; and it is probable that it may always remain 
insensible, even to experiments especially directed to test it. 
For the influence of the most powerful electro^magnets induces 
the Mculiar magnetic oonditbn of which diamagnetica aie 
capable, to so slight a degree as to give rise to only very feeble, 
acatcdy sensible, mntiial fovoe between the diamagnetic and the 
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magnet ; and therefore the magnetinDg infloence of a neigh- 
bouring diamagneticy which oould scarcely, if at all, be obaerred 
on a piece of soft iron, most be inappreciably small on another 
diamagnetic. 

Cor. 9» All phenomena of motion that have been observed as 
produced in a diamagnetic body of any form or aubatance by the 
action of fixed magnets or electro-magnetsi are due to the result. 

ant of forces urging all parts of it, and couples tending to turn 
them ; the force and couple acting on each small part being the 
same as it would be if all the other pai-ts were removed. 

r* // . 10. The deflecting power (observed and measured by 
Weber) with which a bar of non-crystalline bismuth, placed ver- 
tically as core in a cylinder electro-magnet (a helix conveying an 
electric current), urges a magnetized needle on a level with either 
of its ends, is the reaction of a tendency of all parts of the bar 
itself from places of stronger towards plaoeiTof weaker force in 
its actual field. 

The preceding investigation, leading to Props. VI. and VII,, 
is the same (only expressed in non -analytical language) as one 
which was first published in the Cambriage and Dublin Mathe- 
matical Journal, May 1816. The chief conclusions now drawn 
from it, with particulars not rej)eated, were stated in a paper 
entitlf'd ' Remarks on the Forres experienced by indurtivply 
magnet i/L(l Ferromagnetic or Diamagnetic Substances/ in the 
Philosophical Magasine for October 1850, 

Glasgow Collego, 
Much 15, IS&, 



XXXVII. On British Pedolites. 
By Dr. M. Forster Heddle, and 11. P. Greg, Esq."^ 

KOBKIiL'S mineral pectolite, found in the amygdaloid of 
^lonte Baldo in the Southern Tyrol, is introduced into 
Dr. Tliomson's 'Mineralogy' with the original analysis (No. IH) 
misquoted, the quantity of wnter being given n^^ 8*89 instead of 
8*89. This blunder explauis the fact, that m anotL( r p:u t of 
hia work, Thomson describes, under the name of JViillastomte, a 
mineral found in greenstone near Kilsyt!i, whirli, however, ia 
evidently pectolite, the analysis (No. :1) also agreeing. 

Dr. Ihomson states that the uuneral he analysed was also 
afti'rwaiil.-> tound by Lord Greenock in the neighbourhood of 
Edinburgh, and Mr. Rose informs n'=5 tliat the precise locality 
was the to^tnrphine Hill. Now Walktr Las given an analysis 
(No. 3) of a mineral from the Costorphiue Hill which is cvi- 

* Commuiiictted by the Authors. 
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dently also pecioUte ; it is included in rjiineralogical works under 
the head of table spar, but containing soda, it must be pectolite, 
which differs from table f^pa?- merely in silieatc of soda replacing 
silicate of lime. AValker's mineral tlien in all probability is 
identieal with the mineral diseovcrcd by Lord Greenock ; we are 
not, however, aware that it has been lately found at this place. 

Aguin, Thomson describes among the zeolites a mineral to 
which he has given the name oC'simiie" found in greenstone 
at Kilsyth ; the original specimen analysed by Dn Thomson we 
have lately seen, and do not hesitate in saying it is ordinary pec- 
toUie, aa indeed its analysis (made hy Dr. Thomson evidently on 
an impnre portion) had before led us to suppose. 

Mr. Rose of Edinburgh states^ that Lord Greenock obtained 
St Loeh End a weathered specimen of this mineral^ but we have 
no analysis of this specimen. 

Then we have the so-called WbllasiottHe'* of the Castle 
Boek of Edinburgh*^ the analysis of whichj according to Ken* 
nedv, is given as No. 4 in the Table. ^ 

I)r« Thomson sets aside this analysis, and states that the Wol' 
ktkmie of the Edinburgh mineralogists is preknite. White 
prekmie does occur along with the Castle Rock mineral, and aa 
our analysis agrees with the ordinary ones of pectolite, the con* 
elusion is that Thomson's specimen contained jireAmVe, but none 
of the aubatance in ouestion. 

Our analysea, maoe on 25 grains, afforded,— 







b. 


Silica • • • < 


, 55-12 


5806 


Alumina • . < 


*do 


46 


Oxide of iron • 


•52 


R • t 


Lime • • • 


. 83-3G 


83-18 


Soda • • • 


. 7-85 \ 


9-981 


Potash . . . 


•86/ 


•29/ 


Water • . . 


818 


not det. 



The second specimen was evidently the purest 

Next we have to notice the specimens found by Mr. Forrest 
in greenstone at Ratho, near Edmburgh. Here it occurs of a 
pale green colour, and in orbicular masses with a fibrous and 
radiating structure, at a depth of 90 feet, associated with §tea* 
iUe, ealeite, heavy spar, specular iron; also in pseudomorphs 
after analcime, although analcime has not itself yet been found; 
snd is found (though rarely) in distinct crystals. The fibrous 
variety is extremely tough when first obtained, but soon weathers, 
becoming asbestus-like on exposure. 

* Oc<'Tirrinn; in orbicular masses in tisp, tnatlucsiit and higbly cfjstsl- 
Uae, with a rMiiating ■tnicture. 
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The ipecifie gnrvit^ of the fibrone variety is 2*881, and owe 
analjrais on 25 grains is given under e ; that of the crystala taken 
on 5 grains is given under d» 



8iHea . 
Alomina 
Lime 
Magnesiii 
Soda . • 
Water . 



52-625 
•884 
82-794 
trace 

9*752 (with acme potash) 
8-040 



d, 

52-580 

1- 456\ 
88-750J 

9-258 

2- 800 



<J8-995 99-814 

About three years ago Mr. M'Gibbon found a mineral at 
Knockdolian Hill, near Eallauirae in Ayrshire, the matrix of 
which was hniestone. 

Its specific gravity is 2*778, and oui aiialy&iSjinadc on2;j grains, 
is given in the Tabic, No. 8 ; and this mineral is therefore j*€C' 
toUte* At this loeaUty it also occurs in needle crystals. 

Some time ago we got this mineral from Talisker in Skye 
aaaociated with muotype and 9tUbite; the analysis is No. 9* 
I)r. Soott of Edinburgh has analysed this minem, with results 
differing in the soda and the water, the quantity of the former 
being 7*670, and of the Utter 5*058 (see No. 10). 

Our last locality is on the shore near Girvan in Ayrahire, 
where the mineral occurs in quantily, and of considemhle oeanly, 
hitherto known to collectors as white trmoUte; here it varies 
from highly translucent and fibro-erystalline to opake, being 
sometimes, however, as tough as the okenite from Faroe. 

Our analysis on 25 grains afforded,— > 



Silica . • . 


. 58-480 


Alumina . . 


•055 


Oxide of iroli . 


•005 


liime . • • « 


. 34*^84 


Magnesia • . 


traces 


Soda . . . • 


. .9*877 


Potash * , « 


•355 


Water . . , 


. . 3-262 



The mineral is apparently purer at this locality than at any 

other. ■ 

We h&vc peciolite occurring in Scotland at the following loca- 
lities : Kilsyth, Costorphine Hill^ Loch End, Edinburgh Castle, 
Batho, Knockdolian Hill and Girvan in Ayrshire, and at Talisker 
in Skye : and we now have analyses of specimens from all these 
localities, with the single exception of Loch End*. Specimens 

* Aooording to Prof. R. 0. ThomtoD, poetoUte has oconned also at 
BitbopCown, tad near Kilpatrick. 
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from the Mome Moontainty uid to be thia mineral^ have by our 
own analysis proved to be table spar, and oonse^ uenthr the only 
looUity we have as yet of this mineral- in the Bntiah Islands. 

Fmnkenheim argnea that pectoUte ia anhydrous, chiefly beeanae 
he wiahea to prove it to be a hoirMmtiB, Thia ia quite inadmia- 
sible; from not one locality has it been found anhydrous, and 
the per-centages from the different localities do not vary much, 
averaging about 8 per cent. ; and although the proportion of 
water does vary half a per cent, when the powdered mineral 
has been dried at 212^ yet when this neceasary precaution 
has been taken, the proportion is in each specimen invari- 
ably the same; any previous variation must therefore have been 
due to hygrometnc moisture. In addition to this, we find 
the mineral to be very slightly absorbent; that from Ratho 
absorbs '53 per cent, of moisture, that from the Castle Rock 
•29 per cent., and that from Ayrshire '35 per cent. ; again, it 
parts uith the water it does contain only after the most intrnse 
heatmg. The Castir Rock mineral, after about ten nnnutes' 
exposure to a red heat, gave only 1*2 per cent, of water ; a loss 
in the analysis led us to redetermme the water, when, after 
exposing the mineral to a heat approaching to whiteness for thirty 
iiunutcs, we got 3*13 per cent. Seeing, then, that the mineral 
in powder is almost 720;/ ali>()rl)ent, and that it retains the water 
it docs contiiiii Willi siicli tenacity, it appears to us to be an ex- 
traordinarv euiiclu.sion to arrive at to say that water is unessen- 
tial ; and to exclude a constantly present constituent merely to 
suit a theor}', is absurd. 

There is a difference of opinion with regard to the formula of 
thia mineral, and its plaoe in the system. Dr. Scott rejects the 
fbrmnla given by Benelius, and prefera one of hia own, which 
agreea admirably with hia analysis j but aa the quantity of water 
ts dierein stated ia mUeh greater tiian elsewhere fonnd, hia to- 
mnla of oonne doea not auit the analyaea of othera. 

Frankenheim also rejects Beneuna'a ibnnnla, and ofbn 
ioateady*' 

4(4CaO, 8SiOS) (4N«0, SSiO") +6H0, 
the calculated per-eentages of which are,-^ 

Silica 15 atoms = 52*76 
Lime 16 atoms = 34*29 
Soda 4 atoms = 9*53 
Water 5 atoms = 3-42 

Thifly it mnat be allowed, agrees well with the analytical results; 
but the question ia, does it agree more closely than Berselius's ; 
for Frankenheim anbatituted this formula in order that he might, 
by writing it moie aimply 4(GaO, NaO) dSiO»-f HO (where the 
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CaO is to the XaO in the proportion of 4 to 1), and rejecting 
liie HO, make the minail eome under the homhlenide fomaky 



4E0, mo», 

BO standing for CaO, MgO, FeO>, APO* NaO. 

We have, in eahmialing the formula from onr analyses, chosen 
the crystals from Batho as in all prohabfllty the purest : — 

Oxvgeu. Atoms. 

Si03, 52 580=26-209=11 0:5=11 11 

CaO, 35-206=10 016= 4*25= 4 12 

NaO, 9-258= 2 a7*i= 1=1 8 

HO, 2-800= 2-489= 1-05= 1 3 

giving the formula— 

8(NaO, 8iO^+4(SCaO, 2SiO>)+3HO; 

the calculated per-centages of which are,— 

SiUca 11 atoms = 508409 = 52-574 
Lime 12 atoms = 337956 = 341>47 
Soda 3 atoms = 93629 = 9 683 
Water 3 atoms = 27039= 2-796 

937043 100-000 

This, it will be allowed, a still closer approximation than 
the per-centages of the hurubiendic formula, and this also i& the 
formula 1x1 ven by Berzelius. 

No^v this formula points, not to hornblende, bnt to a/tqite, for 
it will be seen that it i>* the same as that of iubie spar, 3CaO, 
2SiO^; only neutral silicate of soda repluncs silicate of lime, and 
table spar is an aiujiU', the formula of wluch is 3R0, 2SiO'* 
(where RO may stand for CaO, M-0, NaO, Fe« 0^, Al^O^, &c.) ; 
for if it is allowable to disregard for the time beins; the HO, in 
order to bring the mineral among the hurnlfiejuies, the same 
course cannot be obj- cied to, to bring it among the augites. 

The crystalline form of pectolite, as we have ascertained from 
the Ratho crystals, is the same as Jr(/liasfoni(e, with which it is 
therefore isomorphous. The accompauymg figure represents the 
usual form of these crystals. - 

c: 14=95 23 
c:y=54 05 (126^ 55') 
y:«a93d0 

Cleavagi liisrhly perfect, parallel to e and u. Twin face c. The 
face y comnig in the zone z, e, (y), x of Brooke and Miller, 
appears to be hemihedral in the Ratho carystalsy and is a plane 
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not given in their edition of Phillips, though prohably identical 
with the hi of Allan's * PhUhps/ p. 47, where P : Al«126% and 
M:T=95° 2(y. 

We have also obtained cleavages of aboat 95*^ SOf with highly 
crystallme specimens of pecioliie from Monte Baldo in the Tyrol, 
and the CasUe Roek^ Edinburgh. 

Peetoliie, which as a chaFBCteristic species has not received as 
mneh attentiim as it deserves, is rather an abundant mineral, 
especially in Scotland^ and is identical with the fFolhutomte and 
9UUU0 of Thomaon, with the 9idHt€ of Sheppard^ and with the 
omeHte <^ Breithanpt, 



Table of Analyses. 



No. 




»•* 
8U 


Ok 


Na. 


H. 


«•> Mi « * 

Al,Vs,llc,Ka. 




1. 
2. 

3. 

a. 

i: 

9. 
10. 
11. 
12. 

13. 

14. 

15. 
16. 


Kilsvth, Scotland \ 

Co»toq>hiue HilU 

Castle Rock, Edinbiurgfa 
Castle Rock, Edinburgh 

Ratho l'*ergttaUixed") 
Knockdolian HiU, \ 

Banris (''oMMaiO— 

Bergen Hill, New Jer- \ 
scy ...r 

Isle Royale, Lake Sa- 1 

jMonte Baldo, Tyrol ... 


59-94 

6274 

54K)0 

51- 50 
5306 

52525 

52- 5 HO 

53240 

53- 8'>f> 
520OU 
58*48 
59-07 

59^1 

64-00 
55^ 

6130 


35-20 

3lfi8 

3079 
32 00 

32794 
33750 

32220 

-29-880 
32-860 
84M 
89*80 

as-ae 

3210 
89-58 

1 33-77 


9-88 

960 

5-55 
8*50 

9-98 
9-762 

9-258 

9 570 
9-551 

9-877 

9-60 

fNa 6101 

Ika 2-79 J 

8- 89 

9- 79 

8-26 


9-80 

2- 00 

6-43 
5-00 

313 

3- 040 

2- 800 

3- 600 

8-760 
5-068 

8- 289 

200 

401 
2-96 

9- 75 
8-89 


tnott 1 

3-30 

2-69 (Mg) 

1-00 

076 

0- 884 

1- 456 

1 002 

2- 728 
1-820 
0-415 
4'90 

0- 88 

1- 90 
MO 

2- 47 j 


Kobcil, 
2nd analysis. 

ThoiiiiOiU 

Walker. 
Kennedy. 

Dr. Heddle. 
Dr. Ileddle. 

Dr. Heddle. 

Ur. Ileddle. 

Dr. Ileddle. 
Dr. Scott. - 
Dr. Heddle. 
DnThomaon. 

Adam. 

KeodalL 
Dickeneon. 



XXXYIIT. Magnetic Rmarh, 
By Professor Faraday^ D.CX., F.R,S. ^c. 

My dear Tyndall, 

IN relation to yonr letter of last month*, I write, not for the 
purpose of giving what might be taken as an answer, but 
to say that it seems to me expedient and proper to wait and allow 
the thoughts that my papers may raise, to be considered and 
judged of at their leisure by those who are inclined to review and 
advance the subject. Perhaps, after a respectful interval, X may 

* PhiL Msg. 1865, vol ia. p. 20& 
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be iuduccd to put lortli such explanations, acknowledgements, 
or conclusions^ as the state of the aubject may then seem to 
render necessary or useful. 

In the mean time, the more we can enlai'gc the number of 
anomalous t'aets and consequences the better it will be fur the 
subject; for they can only remain anomalous to us wlulst we 
continue in error. I may say, however, that the idea you sngr- 
gest presents no difficulty to me ; for having on loi mci occaaiuiis 
(Exp. Res. 2501.) had to consider the ma£ruecr}'stallie plueno- 
mena presented by the same bod) in diiiereiiL liicdia, uud liavmg 
found the magnecrystallic difference unchanged in the media, I 
have no difficulty in conceiving that a body (as bismuth)^ which 
in the amorphonsi rtate ii of the lame magnetic character as the 
medium around ii^ ahaU^ when employed aa a crystal, be para* 
magnetie in one direction and diama§;netic in another (3157.). 
What happens in a medium may« according to my knowledge oi 
the facts, happen in space; and is in rail accordance wilJi 
Thomson's clear paper on the theory of magnetic induction in 
crystalline bodies*. 

In respect of the effects of pressure, to which you refer in 
your letter, we cannot easily draw condusions on eitiief side 
- until we know better what pressure does. I am not aware 
whether vou consider that pressure on bismuth, whilst it makes 
the metal more diamagnetic in one direction than another, also 
makes it more diamagnetic as a whole than before ,* or whether 
you suppose it less diamagnetic in the transverse direction of the 
pressure than at first. Gmelin says, on the authority of Mar- 
chaiul and Seheerer (vol. iv. p. 428), that the density of oismuth is 
diiiiuiished as pressure upon it is increased, nnd extraordinary as 
the tact seems, ^ives densities of the following ij;rr( lor mcreasing 
pressures, 9783, 9*779, 9*655, 9 oj(j; a ciiangc in texture at 
the same time occurring:. If the statenieut be true, then the 
line of pressure in your beautiful exp rimcnts maybe the line 
oi least de/usiii/ or of Av/,v/ tipjiruj imat uni, tliougli 1 hardly know 
how to think so ; still it becomes dithcult fur us to dr;i\v reasons 
from the constitution of a compressed body, until we know what 
happens during the compression, allluMii^h no difficulty arises in 
considerinp: it, after compression in one direcUuu, like to a mag- 
necrystallic substance. 

You are aware (and I hope others will remember) that I give 
the lines of force t only as 3 epresetUations of the m^^etic power^ 
tad do not profess to aay to what physical idea they may 
hereafter point, or into what they will resolve themselTea* AdU 

♦ Phil. Mnir. 1851, vol. i. ]> 177. 

t It is nearly twenty-foiu- yc&r& &mce I first called attention to these 
iinei; Exp, Bcs. note. 
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Tttuang no principle^ I say, that the hypothetical fondamental 
ideas already advanced^ when taken in relation to the ^yo^ 
ftets now known, are 8elf-contradietory and inapplicahle* The 
following points, namdyi-^that the mneUon and poianty of 
lines of magnetic force are always shown traly by the electric car- 
rent indaera in metal moving within their uAiencei — that the 
dualities of electricity and magnetism are always respeetively and 
essentially related ;--that the dualities of an isolated magnet are 
not related back in atraight lines through the magnet ;^-are to 
my mind not hypothetical in characteri but easily proveable by 
experiment !«— and thcy^ with the considerations arising from the 
principle of the consenratioii of force, sc^ to me to be left un- 
explained by^ and in opposition to, the usual hypoUieses* No 
diffBrence arises about the laws of magnetic action and their 
mathematical development ; and tlmt^ amply because they are 
as yet applied only partially, and thus far are in accordance with 
all the views taken, including mine. When the attempt is made 
to apply them so as to indade atonce/yarmni^fii^/fe; diamagnetie, 
and eU^n^magmUe phenomena, and at the same time to deduoe 
them firom one hypothetical cause, then they mar become so 
large and yet prease as to enable us to distinguish between true 
and fidse assumptions. On my part 1 eudeavour not to assume 
■n jthing, but only to draw such conclusions from the assump- 
tions already madle, and the phsenomena now discovered, as seem 
subject to eiqperiment and tangible by facts. 

Some persons may feel surprised that I dwell upon pmnta 
which are perfectly and mathematically explained by the hypo- 
theaia of two magnetic fluids, aa, for instance, places of little or 
no action (^341. &g.). My reason is, that being satiafied by the 
phsenomcna of diamagnetism, &c. that that hypothesis cannot be 
true, all these and suah like phsenomena acquire a new character 
and a high importance which they had not before, and amongst 
other philosophical uses, point most emphatically to the essen- 
tial relation of the dualities and thdr equivalency in power. 
They do not contradict the old hypothesis when that ia partially 
applied, but they are not the less strong and striking as evidence 
ia favour of the view of lines of force. 

I am, my dear Tyndall, 

Yours very faithfully, 

Rovftl In»titiitioa, M. Fabaiut. 

March K 1866. 
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XXXIX, On the Bensoh Series. — Determination of Boiling- 
points. By Ahthur II. Church, EsqJ^ 

SINCE 1825, when Faraday discovered its first member^ our 
knowledge of the hydrocarbons of the benzole series has 
remarkably extended : it is interesting to see from what various 
sources these hydrocarbons have been derived; and although 
doubts still remain as to the relations of these bodies to one 
another, yet their compn^^ition has been ai^certaiTicd with cer- 
tainty. Without taking notice of all these sources, it may suffice 
to mention that tiie live known members of the scries occur in 
coai-naplitha, and soijic of tlicni in the oil separated by the 
addition of water to crude wood-spirit; benzole having also 
been obtained from oil- gas and from benzoic acid; toluole from 
reain-gas, balsam of Tolu, dragon's blood and toluylic acid; 
while cumole has been procured from phorone and from cuminic 
acid, cymole from camphor and from cumin oil. 

In experiments made for the purpose of obtaining a liquid 
appropriate for the presei'vation of highly oxidizable metals, I 
was surprised to find (oxygen being excluded) that on the appli- 
cation of heat, autliuiii immersed in toluole perfectly free from 
moisture soon became tarnished and evolved gas. This evolu- 
tion ceased alter a tunc, and the metallic lustre of pieces of 
sodium placed in the liquid remained unimpaiied. 

After many attempts to ascertain the origin of these phanu- 
mena^ and after having satisfied myself eaqperimentally of the 
•baenoe of water fsom the toluole unider examinatioii^ the ohser- 
vation was made that toluole, which exerted no farther action on 
aodium^ tarnishes it after redistillation in the ordinary manner^ 
and it was nltimatelyfound that the occasion of this was a pro- 
duct of oxidation. This oxidation may he prevented^ if care be 
taken that the upper part of the retort do not reach a Ya^^net 
temperature than uiat at which the Uquid boils. Toluole punfied 
b^ sodium and distilled from a retort immersed in a bath cf 
dilute chloride of calcium solution exerte no further action on 
sodium^ and comes over to the last drop q[uite colourless and 
leaving no residue. Toluole, which, in addition to the ordinary 
methods of purification, had been treated with oil of vitriol and 
with solution of chromic acid, behaved in the same manner. 

I was anxious to ascertain whether the boiling-point of toluole 
was altered by the treatment with sodium* I employed in the 
experiments several ounces of toluole from coal-naphtha^ which, 
purified in the ordinary manner, had distilled over between 108^ 
and 109^ C. ; I also made use of toluole from toluyhc acid. 
The thermometers employed (three) were finely divided, and had 

* Ckmunimictted hy die Author. 
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been accurately tested, the errors being known up to 200° C. 
Into a small retort of symmetrical shape was intixKlttced a coil of 
platinum wire, and about 100 grammes of toluole repeatedly 
porified with sodium. Before a perfectly trustworthy result 
eould be arrived at, there were several piecautioDS to be taken. 
An allowance had to be ascertained and made for irregularitiea 
introduced by the partial immersion of the thermometer^stem in 
the vapour j and it was found that when the spheroids which 
form upon the sudaoe of the liquid touch the bulb of the ther- 
mometer (immersed in the vapour), they cause variations in the 
hdght of the mercury, thus interfering with the constancy of the 
boiung-point. Remembering these things, and taking care to 
place the bulb of the retort in a chloride of calcium bath, I 
observed the boiling-point of purified toluole, the bulb of the 
thermometer just touching the surface of the liquid. The tem« 
perature of the liquid rose gradually to 97^ C. ; from this point 
to 1 03^ the rise was rapid. Between 103^ and 104° eight-tenths 
of the toluole distilled over; and on redistillation, the boiling- 
point remained constant at 103 '6, the barometric pre'^snre being 
0™*757. M ith toluole (purified by sodium) prepared from 
toluylic acid, exactly the same pliit noiiu na were observed. 

Having now criven the more i!ji])ortiint details of my procedure 
for the prcparati()ii_, &c. of pure toluole, 1 may mention that I 
subjected benzole (from benzoic acid) to tiic same treatment: 
the boiimg-point of benzole tlm^ obtained, and that (from coal 
tar) purified by repeated crystallizations, is, however, identical. 
Of the xylole (obtained from coal-naphtha and wood- spirit), I 
collecied for experiment that which caiac over at about 128^. 
After purilication with potash, sulphuric acid, solution of chromic 
acid^ and with caustic bai*yta and sodium, the boiling-point was 
but slightly reduced. The cumole (from cuminic acid and coal- 
naphtha) was purified in the same way^ as was also the cymole 
(mm oil of eumin and coal-naphtha). 

I give here the (corrected) boiling-points of the liquids thus 
purified at a uniform barometric pressure of 0^*760. 



Formula. Boilitig*poliit« 

Benzole . . C'Hl^ =C6 3(C«H«) 80-8 1 

Toluole . . CMP =C« l(CMl^) 103-7{ 

Xvlole . • C"aiio = C''5(G2H-2) 120-2 [ 

Cimole . . G»»H»«=G^J6(CM12) 1484^ 

Cymole . C»H»4=iC«7(C«H8) 1707} 

In the following table will be found the observations of other 
experimentalists compared with my ovvu. 

PhiL Mag. S. 4. Vol. 9. No. 59. April 1855. S 
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DiffBrence* 

22-9 
22*6 
22*2 
22-3 



4^56 Mr. A. U. Church on the Memoie Series,^ 



Bensole. 


1 Toluole* 




Cumole. 


Cymole. 


85°-5 
Fanday. 

llilaclierlich. 


114° 
Gerhardt. 

118^ 
Hanifield* 


129° 
Cahonri. 

126°-2 
Ghmeh. 


144° 

151°1- 

Cierhnrdt 

and 
Cahoun. 


171° 

MMifflaldi 

171^5 
Noid4 


S()"'-4 
Kopp. 

80^-5 
UanflEekL 


Deville, 
l^lletier, 

nud 
"Walter. 




148° 
F.AbaL 

148^-4 
Chureh. 


175° 
Gerhardt. 

i7o°-r 

Cbuicli. 


8(f-8 
Cliiiicb. 


109°-5 
Noad. 

no'' 

Gl^nard 

and 
Boudault. 

103°-7 
Church. 


■ 







My own results are, I believe, atrictly comparable with one 
anotlicr, having been obtained by the empluyun nt of the same 
apparatus in similar circuiiisuiuccs. The difrci c iiccs in the 
results of other obsm^ers may arise Iruin very maiiy causes, and 
in most cases no particular accaracy was aimed at. Kopp found 
that with beuzole from benzoic acid (uot purilied bv distillation 
from potassium, ^c.), the temperature indicated by a tliLrmu- 
meter with the bulb immersed in the Tapour, differed from that 
indicated when the bulb waa in the liquid by 0°-9 C. ; with per- 
fectly pure beniolej md if care be taken to adopt all the pmau* 
tiona I have mentioned, the di£ference is greatly diminished. 
. Afb^ obtaining the results which Ittve been given in the pre* 
sent communication, I examined some of the di8tinj|^shin§^ 
reactions of the bodies operated upon, in order to satisfy myself 
of their ident ity with those described under their respective names. 
As the boiling-point of toluole observed by mo diffei«d to con* 
siderably from those observations previously announced, I made 
analyses of the purified toluole employed in my experiments. 
I^esc were perfectly satisfactory, as were also determinations of the 

suiphateof barytainsuiphotoluolateof bai*yt«^C^^^ >i>a60*| 
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and in mtrosuipkotoluokte ot baryta, C^'*-^ SO' ^BaSO*: the 

details and numerical results of these analyses, and of many 
others which the present inquiry necessitated, the limits and 
ipedal object of the present paper do not admit of my giving 
here. The last-mentioned acid may be obtained most readily by 
a method which suggested itself to me when working upon the 
eorresponding term of the bensole series ; by it I have obtained 
nitrosnlphox^lolic and -cumoUc acids. As bensole with faming 
lolphnne acid yields sulphobensolic acid, I imagined that nitio* 
bsDiole wonld yield, when similarly treatedi nitrosalpbobenidlie 
sddj and this sapposition eipertment proved to be correct. It 
is not possible to ontatn in this way suiphocymohc acid, for the 

> is not yet known; this acid may, how* 

ever^ be obtained easily by dissolving snlphocymolic actd In 
faming nitric acid. The salts of these nitrosulpho-acids defla* 
grate when heated; in the case of the barinm componnds, the 
rosidiial anlphate of baryta assaming the form of long, narroir 
ribands. 

Bases prepared from impnre hydrocarbons of the bensole 
series give, on analysis, remits tolerably accordant with theory : 
this circamstance, if not entirely accounted for by the numerous 
p ioe csscs of purification which these bases undeigo, is explained 
when we recollect the recent researches of C. 6. WiDiams* 
'On the Fractional Crystallisation of Platinum Salts V 

Many subjects for further investigation have suggested them- 
selves to me during the progress of the present inquiry ; among 
these the subject of isomers is of great interest. The important 
observationSy too, of B^ault and others as to the alterations m 
thsur boiling-points which many hquids undergo when heated- 
under pressure, I have found to refer to benzole, &c. ; on this 
sooount, in purifying these liquids, I was obliged to desist from 
digesting them in sealed tubes. A digestion <^ toluole with 
sodium in a closed vessel for a fortnight causes the eUmina* 
tion of two bodies, the boiling-point (97^) of one being interme* 
diste between tbat of benzole and toluole, tlie boiling-point of 
the second (112^) being between those of toluole and xylole. 
And I have lately found, that among Uie products of the distil* 
ktion of eugenic add with an excess of baryta^ a liquid occurs 
for which my experiments (not made with a perfcctlv pure T-nh- 
itanee) indicate a formulaC^^U'^; fmC^W^O^^C^&^C^R^^ 

• PhU. Mag. Sept. 1854. 

t Andenoirt ebicmtioiis on the boiUng-points of certain bases (Phil* 
,llsg. Feb. 18&5) are alio exoesdingly curious 
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From this hvdroearbon, nitro-sobstitution products may be ob- 
taiDcd, and I have venr little doubt that it is an isomer of comole. 
It boils at about 142 . It would seem, tberefore, tbat there are 
three bodies having the formula C^®H*'; cumole boiling .at 
X4SP'4, niesitilole boiling at 155^, and the hvdrowbon from 
eugenic acid boiliug at 142^. May not these bodies, and those 
obtained from toluole^ stand in similar relations to one another ? 
The same differences between their boiling-points are observable*- 
I am still investigating this question with reference to the other 
members of the benzoic series, and endeavouring by the differ- 
ences of specific gravity, vapour density, refractive power, &c. 
of these liquids, to discover their true relations to one another. 

By referring to the table e;iven before, it will be foinul that, 
according to my expcrinienls, the inerement in the boiiiug-point 
in the benzole scries for lui ruldition of II* varies between 
22^*9 and 22°-2. By dt terminiiig the boiling-points of the con- 
secutive members ol several series, in which not only carboii and 
hydrogen enter, but also oxygen and nitrogen, we shall be able 
to learn whether sueli formul?e* as those of Schroder will prove 
to any extent generally applicable. The substances in such ex- 
periments must of course be absolutely pure. The present con- 
tribution, having reference to a sim])le series conuuiiiiig only 
carbon and hydrogen, may be considered introductory. Schroder 
leroarks, that between those boiling-points which are theoreti- 
eally determinable from his formuke and those experimentally 
observed^ a difference of ±7°*2, + 14^*4 may be found. Since * 
the remarks upon the isomers of cumole and toluole were written, 
I have noticed the dose approximation of the differences between 
the boiling-points of these isomers to this difference of 7^*2. 

Febnuiy 1866. 



XL. On a New Single Fluid Galvanic Battery , mure powerful, 
and Jps<^ expensive in construction and use, than any of the Nitric 
Acid Batteries. By tJie Rev. N. J. Callan, Profe.m>r of 
Natural Philosojjhy in the Roman Catholic College, May/tooth f. 

IN a paper published in the Philosophical Magazine for Fe- 
bruarv 1851, I stated that sheet iron coated with an alloy 
of lead and tin, in wbieii the (piantity of lead is five or six times 
as great as that of tin, and afterwards platinized, might be sub- 
stituted with advantage for the platinized silver used in Smee's 
battery. Being under a necessity of exhibitiuL' occasionally 
during the academical year, optical experiments which i*equired 
a very strong light, I was very anxious to have a galvanic bat- 

* Not. Ijowever, based on arbitrary numbeis. 
t Communicated by the Autbor. 
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iery in wbich there would be no need of porous edli or nitrie 
acid, and whidi, with a moderate nnmber of plates, wonld pro- 
duce a brilliant coke light or lime light. From experiments made 
with our large galvanometer on the voltaic power of a pair of 
sine and platinized coated iron plates excited by dilute sulpburic 
acid, I inferred that a battery containing a hundred, or one 
hundred and fifty such plates, would produce the light which I 
required. Having more than twenty Wedgwood troughs, each 
containing ten cells, I saw that the cost of such a battery would 
be very moderate : I therefore resolved to make one of 200 pairs 
of plates. Whilst the battery \\ as being made, I occasionally 
tried the power of one trough or ten cells. I lirst used a solu- 
tion of sulphuric acid consisting of one part of strong acid and 
about seven of w;iter. I then fried one part of the same acid 
mixed with about si\ times its bulk of a pretty strong; sr)hjtion 
of common salt. Thf nddition of the salt ])roduced a consKlt-r- 
able iucrea-^c of voltaie power. 1 next employed an exciting 
mixture con.sistmf? of one part of nitric, six of sulphuric acid, 
and about tifty of water. With thi.s auxture, ten pairs of plates, 
each about i\ inches square, iirnited a pair of coke-pomts, which 
gave a small but brilliant star of ljg:ht. Hut the nitric aeid crra- 
dually dissolved the alloy of lead and tiu with which the iron 
plates were coated, and the platiua ])ovvder fell off. I then tried 
one part of nitric acid, twelve of sulphuric, and about a hundred 
of water. This mixture also acted on the coating of the iron 
plates. I was therefore obliged to give it up, and to return to 
the 8oluti<m of snlphnric acid and common salt. 

Befq^ the entire battery was finished, I tried the power of 
* 100 cells in igniting a pair of coke points* I was gr^tly dis- 
appointed by the feeble illuminating power of the coke light, 
and began to examine whether any of the cheap negative metals 
could be advantageously used with an exciting fluid which would 
oontain a small portion of nitric acid. One of the first which 
occurred to me was cast iron, which acted so well as the negative 
element of the nitric acid battery. I prepared a cast-iron cell 
of the nitric acid battery, and a zinc plate, which I separated 
from the iron by pieces of wood. The cell was filled with one 
part of nitric, six of sulphuric acid, and about fifty of water. The 
galvanic action was very powerful, but the zinc plate was soon 
covered with a deposit of nitrate of iron. It was evident, then, 
that cast iron and zinc could not be excited with any fluid 
containing nitric arid iniless the two metals were separated by a 
porous cell. 1 then tried the same cast-iron cell and zinc plate 
excited wiih one part of sulphuric acid and seven of water. The 
galvanometer showed that the voltaie current was very feeble. 
I therefore gave up all hope of making a battery such as I 
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wanted, by exeitmg nno and eaat with dilute lolpliiiiiii 

acid. 

During thu cvemng of the day on which I tried the eaat iron cell 
excited with dilute sulphuric acid, it struck me that, on having 
increased the strength of the acid aolution by pouring a little 
acid into the oeU, a strong impulse waa ^van to the needle of 
the galvanometer, and that perhaps, by ineraaaing very much 
the strength of the solution, I might get a very powerful galvanic 
current. I then resolved to try concentrated sulphuric acid and 
dilute acifl of the various dcprrrc^ of streng'th between conoen* 
trated acid and one part of acid mixed with eight of water. 

The suiphiu ir acid which I used was very strcintj: -lul purt-, 
being: niade, not from pyrites, but from sul})hur. la couipaiiug 
the galvanic powers of the various batteries which I tried, I 
always used our large galvanometer, md sent the voltaic current 
only through the outermost c oil, the diameter of which is about 
25 inches. The coil is made of copper wire fths of an inch 
thick. Tlid outside coil is nearly 7 feet long. The galvano- 
meter may be used as a sine or tant^cnt galvauunieter. 

I began by exciting the cast-iron cell and zinc plate with con- 
centrated sulphuric acid : the galvanic current produced was 
exceedinglv feeble. I then mixed a small quantity of water with 
the acid : tlie deflection of the needle waa greatly increased. I con- 
tinued to pour water gradually into the eaat-iron cell, and fonnd 
that the d^ection of the needle inereaaed until the add waa diluted 
to a certain degree, and that when it waa diluted atili fnrtiier> 
the deflection waa diminiahed, and became conrtantly lew aa the 



in frequently charging the cell with dilute sulphuric acid of * 
various degrees of strength, I found that the acid which I uied« 
diluted with twice its bulk of water, produced the most powerful 
galvanic current ; and that when the acid was diluted with more 
or less than twice its bulk of water, the voltaic pow( r of the cell 
was diminished. I afterwards found that acid which was still 
stronger than the very strong acid which I firat uaed, and which 
was also made from sulphur, and not from pyrites, required to be 
diluted witli three times its bulk of water in order to produce 
the maxmium of galvanic ])ower, or to produce a current equal 
in power lo thnt wdiich was produced by one part of the first acid 
diluted with twice its bulk of water. Kithrr of the two diluted 
acids which I have describe d act very litilc on amalgamated aiuc. 
I am inclined to think that the rnninioii ^-nlphuric acid, which 
is generally made from pyrites, and ks nut so pure that which is 
made froni sulphur, nor so stronsras that wh^ch Ifirst used, should 
not be diluted with more thau about once and a hah its owu bulk 
of water. 



quantity of water was increased. 




Digitized by Google 



Fhad Ouhmm Battery, 



I iabMqwiUy ftnad the effect of mlphufie eeid mixed with a 
■olation of common aalt^ of dilate sulphurie and moriftlie add 
together, of undiluted muriatic aeid* and muriatie acid diluted 
with a email j[uantity of water, and fi>und by the galvanometer 
that a gatvanie current of the eame power was produced by the 
aame east-iron cell and smc plate, whether they were excited bv 
una part uli the sulphurie acid which I first .used, diluted with 
two of water, or with one part of the strongest sulphuric acid 
diluted with three of water, or with the first sulphuric acid mixed 
with three timos its bulk of a strong aolution of common salt, ot 
with the strongest add mixed with ^ times its bul^ of the 
aaoMB solution, or with sulphuric and muriatic acid together 
diluted with a volume of water about twice as great as that of 
the sulphuric acid, or with undiluted muriatic acid> or muriatio 
aeid diluted with a small quantitv of water. Cast iron and sine 
appear to be equally exmt^ by the seven fiuids just described. 

Seeing, by the indications of the galvanometer, that the gal- 
vanic eorrent produced by a cast-iron cell excited by any of the 
preceding finios was exceedingly powerful, I reidvea to compare 
it with the current produced by a nitric acid cell of the same 
aiae, and found that nearly the same deflection of the needle was 
pi*()duced by the two currents, I used a cell of the caat-iron 
mtrieacid battery rather than one of Gro\ e's or Bunsen's^ because 
I Ibund it more convenient than eitber, and not inferior in 

power. 

The two east-iron eells which I used were of the same size and 
shape ; both were of a rectangular form. Th^ were made fiir 
holding porous cells which contained zinc plates 4 inches square ; 
their inside width was about Uhs of an inch* For the nitric 
aeid battery their width could not be less : were it leas, the 
porous cells would not lit in the iron cells. The thickness of 
the line plate was about ^th of an inch. Therefore the distance 
Lctwccn each side of the zinc and cast iron was gths of an inch. 
This distance cannot be diminished in the cells of the nitric acid 
battery I but in the battery excited with any of the above- 
mentioned fiuids, it may be diminished without limit, and thus 
the galvanic power of the battery may be greatly increased. 

When the distance between the sine and cast iron of a cell 
SKetted by one part of sulphuric acid and two of water, or by 
any of the fluids which have been described^ does not exceed the 
l^^ih of an inch, the voltaic power of the cell is considerably 
superior to that of a cell of equal sise of the nitric acid battery. 
I prepared a 4-ineh cell and sine plate of the nitric acid bat- 
tery, and a zinc plate and caat*iron cell of the same size, in which 
the distance between the sine and cast iron was about the y^th 
el an iaeh. The eppoaite ends of these two edb wereconnected 
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with the opposite ends of the eoil of the galvauometer, in sndi a 
mf, thxt, as soon ss the two cells should be filled^ the galvanic 
currents from them would flow simultaneously through the coil 
in opposite directions. The cell of the nitric acid battery was 
first tilled : it was in the best working order, and produced a 
steady deflection of The other ceU was then filled with one 
psrt of sulphortc acid and two of water, and the voltaic currents 
from the two cells flowed simultaneously through the coil in 
opposite directions. The current from tlie cell excited by dilute 
sulphuric acid destroyed the cutirc deflection produced by the 
nitric acid cell, and })roduccd an opposite and steady drflection 
of 7-"^. On another occasion I made a similar experiment with 
a nitric acid cell and one of the same size, in which the distance 
between the zinc and east iron was about the y^th of an inch, 
and which was excited with one of the fluids already described. 
In this experiment the sine galvauoujeter was used, and the 
compass-box containing the niae:netic needle was slid 21 J 
inches from the centre of the cuii m the direction of its axis. 
The voltaic current was tirst sent through the coil fi*om the nitric 
acid cell, and a deviation of 38' was produced. The single fluid cell 
was then filled, and the galvanic currents flowed simultaneously 
from the two cells in opposite directions through the coil. The 
cmreiit from the single fluid cell destroyed the entire deviation 
of 38^9 and produced a deviation of 42^ on the opposite side of 
the msgnetic meridian, thus showing that its power was more 
thsn twice as great as that of the current produced by the nitric 
acid cell* The porous cell employed in this experiment was of 
the bcflt quality ; it wss perfectly saturated on the outside wiA 
nitro^sulphuric acid, and on the inside with dilute sulphuric add, 
consisting of one part of very strong and pure sulphuric acid 
and five of water. 

From the experiments and results which have been described, 
it is evident that a single fluid battery more powerful than any 
nitric acid battery of the same sise^ may be made by exciting 
a suitable arrangement of cast-iron cells or plates and amalga- 
mated Einc with any of the following fluids. First, undiluted 
muriatic acid, or muriatic acid diluted with a small quantity of 
water ; secondly, muriatic and sulphuric acid together diluted 
with a quantity of water a little tiiore than twice as p:Tr,\t by 
measure as that of the sulphuric acid ; thirdly, sulphuric acid 
diluted ^vlfh about twice its bulk of water, or the strongest sul- 
phuric acid made from sulphur diluted with three times its bulk 
of water ; fourthly, sulphuric acid mixed with three times its 
hulk ot a strong solution of common salt, or the strongest sid- 
j)iunic acid made from sulphur mixed witli about 3 J times 
lis buik of the same solution. The solution may be made 
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by dissolving nearly twu puuuds of salt in each gallon of 
water. 

It will 1 ( very useful to dissolve some cail^oiiatc or sulphate 
of iKMla in each of these excitins: fluids, except the last. I recom- 
mend the last in preference to any of the others : fii^st, because 
it i-^ the cheapest of all; secondly, because I tlnuk the anial^a- 
luu'a d surface of the zinc is better preserved, and kept cleaner 
by the last than by any of the others ; thirdly, because it appears 
to act less on anii.luaiii.ited zinc than any of the others. 

A vi-ry iJoweiiul battery may be uiade by exciting amalga- 
mated zinc, and iron, copper, platina, or a platinized metal with 
any of these fluids. But they produce the greatest galvanic 
power when cast iron is the negative element. 

Muriatic acid preserves the uuialgani on the zinc, but it soon 
covers it with a dark scum, which I fear would, after some time, 
diminish the action of the battery. Besides, it acts more than 
dilute sulphuric acid on amalgamated zinc. One would expect 
that snlphurie acid mixed with a solution of common salt would 
bare the same effect as muriatic acid on the zinc ; bat anch is 
not the case. 

On account of its powerful galvanic action, a cast-iron battery 
charged with any of the above-mentioned fluids geueratea a large 
quantity of hydrogen^ which produoea considerable efferveaoence 
at the top o£ the oella« To obviate this inconvenienee, I mixed 
with the exciting fluida various metallic and alkaline salts, hoping 
that the oxygen set free might combine with the liberated by 
drogen^ as it does in Baniell's and in the nitric acid batteries ; 
and that some of them which contained the same proportion of 
oxTgen aa the nitrates do^ mighty like them when dissolved in 
aulphnric acid, give an increase of voltaic power. But my hopes 
were disappointed. Hie salts whidi I used principally were 
iolphate of iron and copper, acetate of lead, phosphate of soda, 
chlorate, aramiate and permanganate of potash. The effervea» 
eenee appeared to be somewhat dinuniflhed by acetete of lead and 
phosphate of soda. Sulphate of copper and arseniate of potash 
produced a alight increase of volteic power ; but when sulphate 
of copper was used^ copper was soon deposited on the sine plate. 
Chkrvte of potash, aa might be eiqpeetedi caused a series of ex« 
plosions in the cell. Thm was no beneficial result from the use 
of permanganate of potash or peroxide of lead. On the whole, 
tbe effect prodoeed by these substances would not be worth 
their cost* 

In making a eaat-iron battery to be excited by any of the 
fluids which I have described, care must be taken first to have 
the cast inm and sine very near to eadi other; and secondly, to 
protect tiie inactive part vi the cast iron against the action oi the 
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eidtmg fluid. Bud when the battery ii inteoded not tat oonttant 
work^ but for experimentB which may be occasionally interraptedp 
to make proviaion for taking the metallic platea oat of the ezd- 
ting fluid whenever it may be neceasaiy to anapend the eipe* 

riments. 

• f irati the greater the proximity of the metallic elements, the 
more powerfiil will be the galvanic action^ provided the hydrogen 
escapes with sufficient freedom to allow the exciting fluid to be 
in continual contact with the metals. If the hydrogen prevents 
the continual contact of the exciting fluid and metals, there will 
bp a scries of volt:nc riin'pTit>« instead of one const-ant uniform 
current. Iliavetound tliat w licn the zinc ])late is not more than 
4 inches square, the hydi'ogcn does not interfere with the constant 
action of the battery, even tliough the distanrp between the zinc 
and cast iron should not exceed the j'^tli of an inch. Even in 
that ( i^e a perfectly steady dcHectiou of the magnetic needle is 
produced by the lottery, and therefore the voltaic current must 
be constant and su udy. I have not yet tried plates larger than 
4 inches square, but 1 am inclined to think that plates a foot 
square or more need not be more than ylrth of an incli asunder. 

Secondly, the part of the cast iron which hu-s Utile ui no etfcct 
in producing the voltaic current, must be protected against ilic 
action of the exciting fluid. Each of the exciting fluids that 
have been deaeribed acta a good deal on cast iron ; and were the 
inactive part of the uon unpfotected, thm would be n conaidor- 
able and uaeleaa conaumption of caat iron, and of the atrcngth 
of the exciting fluidf The iron mav be aufficiently protected by 
^venng it with vulcaniaed India-rubber^ wood, or any other sub- 
atanoe on which the exciting fluid acta but litde or not at all. 

The cast iron may have the form of cella which hold the ex- 
citing fluid, or of pfatea, each pair being connected together at 
the top, but separated from each other elaewhere aoaa to admits 
zinc plate between them. The distance between eai^ caat-iron 
plate and the one connected with it at the top may be a quarter 
or a fifth of an inch, so that a zinc plate an eighth of an inch 
thick may be put between the two, and that each side of the 
sine will be a sixteenth or twentieth of an inch from the eaat . 
iron. The contact between the zinc and eaat iron may be pre- 
vented by a thin wedge of wood at each comer of the plate. If 
cast-iron rrlls be nsed, tliey must be an inch or an inch and a half 
higher than i lu znic plates. The width of the part of the cell which 
contains tlie znic plate should not exceed onc-fotirth of an iuch, 
otherwise the distance between tlie zinc and cast iron will be too 
great, and there will be a loss of galvanic power. The part of 
the caiit-iron cell which is near the to]) or above the zinc plato 
should be about 1^ inch wide, in order to hold, a sufficu^nt 
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qoantitsr el the exoitmg fluid. The fluid eontuned in the nar* 
torn part of the cell would be so Buudl that its excitihg power 
must be eihanited in e tew minutes. The annexed figure repre« 
scnta a vertical section of the best form of cast-iron 
eella. The form is rectangular. The sine plate is 
contaiiied in the narrow part of it ; the wide part;, 
if it be 1^ inch high and 1 1 inch wide, will contain 
as moeh of the exeiting fluid as will be required for 
a lecture of an hour or two. 

If cast-iron plates be used, earthenware or other 
cells must be employed for holding the exciting 
fluid, and then the outside of each cast-iron plate is inactive ; it 
is exposed to the action of the fluid and must be protected. Ten 
or twelve pairs of cast-iron and zinc plates may, like the copper 
and zinc platcB of n "Wollaston battery, be fastened to a bar of 
wood; they may then be let down at once into a Wedgwood 
trough containing the exciting tluid, and may be taken np when- 
ever it is found nccemry or oonveuieut to auspead the action of 
the battery. " 

The great galvanic power of cast iron and zinc excited by one 
part of j>ulphurie acid and two of water, wa.^ first discovered in 
the beginiuiig oi last June. In a few days after the discovery, 
I arranged in one series 72 cast-iron cells of our nitric acid bat- 
tery, each containing a 4-inch zme plate se])arated from the iron 
cells by pieces of wood. Tiicy were charged with one measure 
of sulphuric acid and two of water. The galvanic current was 
sent through a pair of very thick coke points, each about an inch 
kmg. The greater part of the coke was raised to a white heat ; 
the reault waa a moat brilliant light, whieh appeared to me to be 
equal in illuminating power to any eoke light 1 have erer seen 
produced by an equal or much larger number of cdls of the 
nitrio acid battery. There waa a remarkable diflerenoe between 
the aopeaianoe of the coke points when igpited by this battery 
and the nitric add battery. On this becasbn the negative and 
positive points appeared to be equally ij|^ited and Ummtnated. 
With the nitric acid battery, the positive point is much more 
intsiiaely ignitedi and givea out a far greater quantity of light 
than the negative one. 

At least one-third of the power of the battery just described 
was lost : first, because the distance between the zino and cast 
iron was about three-eighths of an inch ; secondly, because the 
cast-iron cells had been used several times in the nitrio acid 
battery, and were coated with nitrate of iron, which greatly 
diminishes the galvanic power when the cast iron is excited by 
dilute sul])buric acid. 1 hnve found by means of tbe L^ilvano- 

metar, that the power oi a galvanic current produced by a caste 



Digitized by Google 



268 Tiie ilev. iW. Caiian oh a Aew Bwgk 



iron cell excited by one part of sulphuric acid and two of water, 
whilst it 18 coated with nitrate of iron, is considerahly less than 
one-half that of the current produced by the same cell exdted 
by the same fluid after the nitrate of iron has been removed. It 
is necessary to clean the cast-iron cells or plates before they are 
used| by leaving them for some time in dilute sulphuric or mu- 
riatic acid. 

In the beginning of September I showed in the College a bat- 
tery of 182 cast-iron cells excited by one part of sulphuric acid 
and three of a strong solution of common mlt. The experiments 
made with this battery consisted in the ignition of coke-pointa 
and of various metals* A scientific frieDd who came from Dub- 
lin to be present at the experiments, who had great experience 
of the working of nitric acid batteriesi and witnessed in the Col- 
lege the action of 275 4-inch cells of the nitric acid battery on 
one occasion, and rf '200 cells on another, stated that the 182 
cells of the single duid battery appeared to bim to be superior in 

r»wer to the 275 or the 200 nitric add cells. On this occasion 
requested several persons to compare the degree of ignition 
and illumination of the negative and positive coke-points. In 
order to be able to look steadily at the ignited points, they 
used deeply-coloured glasses. They all stated that they could 
not perceive any ditiference between the d^ree of ignition of one 
point and the other. When the connexion with the battery was 
broken, both points appeared equally heated^ and equally or 
nearly equally consumed. 

It has occurred to nie, tliat thi" stiprrinr brat and light of the 
positive roko-point iiriiitrd by a iiitiic acid battery ari.se prinei- 
paliy from the action ot the exeitinp: tltiid on the positivt' metal ; 
and that, because iu the capt-ir'>n batt( ry excited by niiy ot the 
tluids I have used, the exciting tiuid acts a good d<'al on the 
negative ns well as on the positive metal, the negative coke-pomt 
shoiild be ignited and illnminated nearly as much as the posi- 
tive one. Perhaps also the galvanic power of the single lluid 
cast-iron batter\» is })roporti(»nal, not to the action on the zinc 
alone, but to the sum of the aetions on the cast iron and zinc. 
If tins be so, the expense arising from the consumption of mt tal 
in producing a given galvanic power will be less in the single 
fluid battery than in the nitric acid battery ; for sine is more than 
twiee as dear as cast iron. 

In using for the electric light a cast-iron battery uf 60 cells, 
excited by about one part of sulphuric aeid, one of muriatic, and 
two of water, i made an e\j)( i ntient which proves the ck at 
intensity of this batti ly. Altt i ihe battery liad been ai work 
for about three-quarters of an hour, I emptied two of the cells 
at one end. Whilst they were empty, the cuds of the battery 
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were connected with a. pair of cokc-points. Tlic voltaic current 
passed through the two empty cells, ignited the cokc-points, aud 
produced a brilliant light. The voltaic current had no other 
means of passing to the coke than through the damp pieces of 
wood which separated the sine plates from the east-iron cells^ or 
through the wooden frames in whieh the two empty eells were 
plaee£ 

The Ber* Dr* Eohinaon and Mr* Rergin, to whom I men- 
tioned the varions flnids whieh I found to excite east iron and 
sine so powerfnlly, have lately tried a cast-iron battery of 48 
eells, charged with one part of strong sulphnrie acid and three of 

a pretty strong solution of common salt. The distance between 
the sine and iron was nearly ^th of an inch. The quantity of 
fluid used in filling the battery was, I think, a gallon and a 
half« in which there were abont three pints, or about seven 
or eight pounds of sulphuric acid. With this battery they 
had a brilliant coke light sufiiciently steady to enable them 
to make observations on the light with the prism and polari- 
Bcope ; also lights produced by the ignition of various me- 
taUie point?, on which lights similar observations were made. 
Various other experiments were made; they commenced nt one 
o'clock, and were not given up till nine. There were of course 
several interruptions, during each of which the fluid was, by a 
very ingenious contrivance, poured off the metaiiic plates. Dunng 
the eight hours the experiments l;istpfl, tlic battery was in con- 
stant action at least three and a half or four hours. At tlie end 
of the experiments the two metals were quite clean, and there was 
no sensible diminution of voltaic power. Such is the bubstance 
of rlu account whicli I received of the action of this batter^'. The 
reisults of tlui trial of the battery show that a cast-iron battery, 
excited by one pai't of sulphuric acid and three of a solution of 
common salt, is very powerful, extremely constant in its action, 
and most ceconomical in use. The sulphuric acid employed was 
made, not from pyrites, but from sulphur. I purchase, at the vitriol 
works of Messrs* Boyd^ Belfast^ sulphuric acid made in the same 
way, and of the same strength, at the rate of Ba, 6d. per cwt., or 
for less than one penny per pound. Hence at the price at wluch 
sulphuric acid is sold by Messrs. Boyd, the cost of the exciting 
fluid for eight hours' experiments scucdy exceeded eight pence. 
I have also got from Messrs. Boyd for 3$, 6<L per cwt., weak but 
pure muriatic acid of the specific gravity 1*180, which I have 
found to answer for the cast-iron battciy better without being 
diluted, than strong muriatic acid diluted with a small quantity 
of water. 

The cast-iron battery excited by any of the fluids which I 
have mentioned, is superior in power to any of the nitrie acid 
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bfttteries ; it it lets ezpeniive in oonitractioiiy iiBoe it does not 
require porous cells; it is &r morecBeonomical in use; it is tnm 
from the trouble^ annoyanoei and the venr serious disadfsn- 
tsges which arise from the use of porous oeus and nitric add; 
it is extremely constant in its action^ and may by a simple ooD' 
trivance be made to act with almost perfect constancy till the 
zinc plates are worn out. The metals will remain clean for wmj 
length of time the battery may be in action : no hydrogen ad- 
heres to the cast iron. The only cause^ then, of the dimioutian 
of galvanic power is the exhaustion of the exciting fluid. By 
siphon tubes^ one of which reaches near the bottom of each cell, 
passes through a hole in the side of the cell a little above the 
upper edge of the sine plate, and projects about an inch from 
the outside of the cell, and dropping tubes connected with the 
vessel which contains the exciting fluids one of the tubes being 
set over each cell, a supply of fresh exciting fluid may be given 
to each cell, and the exhausted fluid may be made to pass out 
throu*rh the siplion tube. The droppmg tubes should project 
from the bottom of the vessel which holds the fluid, and should 
be at such distances from each otlier that one will be over each 
cell of the battery. The vessel should be aii'-tight, and a stop- 
cock titted to the top of it, so that the communicatiou between 
the inside of the vessel nnd the external air may be cut off by 
closing the stopcock, and may be renewed by opening the stop- 
cock. When the communication between the inside ot the vessel 
and the external air is cut ofi", the tluul CLascs to flow into the 
cells j'ruin the dn>ppiiig lubes : as suuu as Lhe communication is 
leucwed, the fluid begins again to flow into the cells from the 
di*oppiug tubes, and the exhausted fluid, as well as the sulphate 
of iron and sine, at the bottom begins to flow out through the 
siphon tubes* By suitable elodtwork^ the stopcock mi^ ba 
opened and dosed as may be required^ in order to give the necas» 
saiT supply, and no more> of the exciting fluid to eadicdL 

I have not yet tried a large series in which the sine and cart 
iron were very near to each other. I am preparing for the Ccd« 
1^ a battery of about 800 pairs of 4>inch casti-iron and aiae 
plates separated from each other about -^th of an inch, and ftO 
pairs of plates, each about a foot square. The Ibrmer are intended 
for effects which require considerable intensity, such as heat and 
li^t; and the latter for the decompositioa of water and the 
lime light. 

Having fou^d that the galvanic power of cast iron and atne 
excited by one part of sulphuric acid and two of water, waa 
increased by dissolving sulphate of copper in the acid solution, 
it occurred to me to try the effect of cast iron instead of the 
copper used in DanieU's battery, I put into a saturated aolu* 
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tkm of tolphate of copper, a copper plate 4 inches square, and a 
nnc plate into a porous cell filled with dilute acid. When the 
porous cell was put into the solution of sulphate of copper, and 
the two metala connected with the opposite ends of the coil of 
the galvanometer^ a steady deflection of 25° was produced. The 
copper plate was removed and a cast-iron one of the same size was 
pnt in its place. The cast iron and sine plate produced a defleo* 
tion of 80 . Uenoe by sobatituting cast iron for the copper nnd 
in jDaniell's battery, a more powerful constant battery may be 
made. The cast iron may be in the form of cells, whicn will act 
as the negative metal, and will at the same time hold the solu- 
tion of sulphate of copper. Thus the expense of glased cellsi 
which arc so easily broken, may be saved. 

I have also tried cast iron excited with a solution of sulphate 
of iron and zinc excited with dilute acid, both being s( [)arated 
bv a porous cell. A 4-inch CR?t-iron plate ffave a detiectiuu of 
about 21°, whilst » Daniell's of the same sizc produced a d( flec- 
tion of 25°. Hence a battery nearly equal in power to Daiuell's 
may be made by exciting cast iron with sulithateof iron andaiuc 
with dilute acid. The cost of sulphate oi iron is only about the 
eighth of that of sulphate of copper. 

Maynooth College, 
March 1, 18^. 

P.S. I have lately tried a buttery of 70 4-iuch cells, in which 
the zinc and cast iron were very near to each other. The battery 
was charged with one part of 8ul|)hunc acid and three of a sola* 
lion of common salt. The ezpenmenta eobaisted in the ignition 
of metab and eoke-points. A brass wire ^ of an inch diunetei^ 
and a piece of Bt&c about g by ^ of an inch thick, were bamt 
away so rapidly that the lecture room, whieh is about 40 feet 
Mfuare and 18 high, was soon filled with the sm<dLe produced 
by the combustion of the metals. 

For the coke light, I used DeleuU^s apparatus ; the light was 
snffidenUy intense to enable a person to read the smallest print 
at the most distant part of the room whilst the window-shutters 
were closed. During the entire time of the experiments, which 
lasted nearly an hour and a half, the action of the battery was 
not sui^ndc d for more than about five minutes. At the end of 
the experiments, the light appeared to be as brilliant as at the 
oomme&oementft Had there been time to continue the experi- 
ments, the power of the battery, would, I think, have been suffi- 
cient to produce a strong coke light for another hour or half-hour. 
The cost of the add used in charging the 70 cells was about 
or \0d. 

The voltaic current by which the metals and cuke points were 
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ignited was eoiutantly passing through the coil of the galvano- 
meter. I forgot to observe the deflection produced by the voltaic 
current during the oombustion of the metals ; bat daring the 
ignition of the coke-points^ the deflection was freouently 
observed : the average deflection did not exceed 40^. 1 have 
since found that the carrent from a single pair of plates, each an 
inch and a half square, produces a deflection of 58^| which 
requires a current about twice as powerful as one which would 
cause a deflection of 40"^. Hence not more than about the j^^th of 
the power of the 70 4-inch cells was employed in producing the 
coke light. Fifteen-sixteenths of their power was inaetivCp whilst 
the exciting fluid was acting on the metals, and wasting its own 
strength. Hence it strikes roc, that for the electric light wliieh 
is now used for practical purposes, a batter}^ consisting of 80 or 
90 cells, each about an inch m^d a lialf or two inches square, 
wonlfl be the most occonomical. 1 pui'posc to ^vl a battery of 
100 pairs of plates, each two inches or an mc k and a half squarCi 
in order to try its power of producing tiie eiccti'ic iight. 

The greatest length of the flame between the coke-pomts 
appeared to me to be less than it would be witii a nitric acid 
battery of 70 4- inch cells. Hence I infer that tlie intensity of 
the single fluid battery is less than that of the nitric acid battery, 
although the quantity of electricity is muck greater. The state 
of sonic of the cells after the experiments, excited an apprehen- 
sion tliat the distanic uf y'^th ui an inch bctwucii the zmc and 
iron may not be suflicient for the free descent of the sulphate uf 
zinc, though it may permit the hydrogen to escape with perfect 
freedom. However^ I am inclined to ascribe the condition of 
the cells^ which were new^ to the sand whidi remained attached 
to them after they were taken out of the mould. 

Mayuootii Cuilege, 
Bbieh 16, 1856. 



XLI. Xotes on Mineralogy. — No. I. On the Chemical Cotnpo- 
sition and Optical Properties of the Mica of the DubHn, Wick- 
low, and Carloto OranUeB, By the Retr. Sau uel Hauohton^ 
M/A., Professor of Geolot/ij in the University of DubHn*. 

TH£ minerals included in the mica family may be divided 
into various gi-oups, founded on their chemical composi- 
tion and optical ]>ro})crtie8. 

Chemically con v,d( re d, they are divided by Bammelsberg and 
others into three iamiixea : — 

* Commuiucated by the Author. ' i 
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Optieally eonsidered^ they arc divided into tbree groups also : — 

1. Biaxial niicas^ the augle between the optic axes being 

from 44 to 75^ 

2. Biaxial micas^ with angle between optic axes from 5*^ 



8. Biaxial and uniaxial micas^ with angle between optic 
axes from 5® to 0^. 
The fii-st optical group includes the p ota li and lithia micas of 
the chemical division, while the third thiinical group, or mag- 
nesia mica, is divided between the second and third optical 
^oiip?, the second group bting usually designated phlogopite, 
and the thud Biotite. 

The potash and lithia micas arc considered by Kammelsberg 
as represented by the following general tuinmla,— 

in(RO, SiO^) + ^? li^ (P, 8iU^) ; 

in which fmxms^ in the potaah Taaten,— 

was 2, 8, or 4; 

the last two cases, n=8 and /i = 4, being the muscovite of 



being known as margarodite. 

The micas of the Dublin, Wicklow> and Carlow granites^ ana- 
lyied by me, belong to the margarodite genna^ and contain two 
atoms of water, corresponding to A: =2. 

.The following are the analyaea of three micas selected from 
three distant looditiea of the granite chain of the aoath-east of 
Ireland. 

No. 1. Mica from the Three Rock Mountain, coonty Dublin | 
gray, transparent, containing specks or flakes of a bionse-cobiued 
or black mica. 



1, Potash mica. 

2. Lithia mica. 

8. Magnesia mica. 



to 20^ 




Sdica . . . 43-47 0 959 
Alumina . . 31-42 0-6111 



Per cent. Atomic qootieiiti. 




2-868 
2-000 



3 
2 



1 



Loss by ignitiun 5-43 0 6U3 



1-SOO 



2 



99-77 
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No. 2. "Mica from Glendalougli Valley, county Wicklow; gray^ 
silvery^ trausparent^ with specitic gravity =2' 793. 

Per eent. Atomic qnotientt. 

SOica . . .4^71 0*987 2*978 8 

Alumina . . 81*18 O-eOSI^.^. « 

Peroxide of iron 469 0058 f^^^ ^ 

Lune . « • 1*09 iXM" 

Magnesia . . 0-90 0*045 I i./^w^ i 

Potash . . . 9*91 0*211 ^ 



Soda. . . . 1-27 0*041 

Loss by ignition 6-22 0*691' 2*068 

99-92 

No. 8> Miea from Monnt Leiniter, oounty Carlow; a gray^ 
Bilveiy^ transparent mica. 

Per cent. Atomic quotients. 

Silica . . . 44-64 0'970 2-913 8 

Alumina . . 3018 0*587\^^ o,™ ^ 

Peroxide of iron G-35 0-079 ^ ^ 

Lime . . . 0 00 0-000 




Magnesia . . 072 0 036 i f^.oott n.Qnft 

Potash . . .12-40 0-262 n^^** 
Soda .... trace 

Loss by iguitiuu 5'32 0 j91 1*774 2 

99*61 

If we take the mean of these analyses, we find,-^ 

Average Mica of Dublin, Wicklow^ and Carlow GranUet 

Per cent. Atomic quotitBts. 

Silica . . . 44-27 0-962 8 



oGon 

0-066/^ 



Alumina . , 30*91 

Peroxide of iron 5*27 

Lime . . . 0-82 ^ 0029 

Magnesia . • 0-93 0-016 

Potash . . • 11-01 0-23 i 

Soda . . . 0-90 0 029 

Loss by ignition 5*66 0 629 



667 2 



0 888 



There can be little doubt, from the foregoing analyses, that 
the transparent, gray mica of the district under cousideratioa is 
a margarodite, having the rational formula 

RO, SiO«+2(R«03, SiO»)+2HO. 

The mica which deviates most from this ibnuula i:i the mica 
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of tlie Three Rock MouDtain^ and this deviation may possibly be 
dne to the preaenoe of graina of black mica^ which alao occuia in 
the maaa of the granite^ and of which I waa nnaUe to obtain a 
aofficient quantity for chemical or optical examination. The 
quantity of protoxidea in the Three Roek adca ia aomewhat in 
excess of that required by the formnla. 

The angles between the optic axes of theae micaa were eafc* 
iiiUy detmiined^ and found to be aa foUowa 



Angles between Optic Axes of Micas, 



1. Three Rock mica .... 53 8 

2. Glendalou^h mica . 
8, Monnt Lemster mica 

4, Longh Ban mica .... 70 0 

5, Glenmalnie mica • , • . 67 11 



70 4 
72 18 



I have added to the determination of angles of the micaa 
analyaed, the optie angles of two other specimens of gniy^ 
transparent mica from Longh Dan and Glenmalaref eojmtj 
Wicklow". 

The four micaa which were free from any intermixture of 
black mica have a high angle, while the angle between the optic 
axes of the mica from the Three Rock Mountain, which con- 
tained flakes of black mica, ia nearly 20° less than that of the 
pure transparent gray micas. 

Tlu' iinjforinity of the preceding analyses is sufficient to s1iow 
that in:trLMi nditc is entitled to be considrrcd as a distinct -pcLics 
of hydi'atcd mica, and that it is not merely an altered torni of 
nmsrovitc, an opinion advocated by M. Dana in the last edition 
oi liis * System of Mineralogy / 

Crystallograpbically considered, the micas just described are 
triinetric, and occur in flat, right rhombic prisms, with angles of 
6^ and 120^; or in hexagonal tabular prisms, formed by the 
replacement of the acute angles of the rhombic prisms, all the 
angles of the hexagon being 120°. 

The plane of the optic axes is perpendicular to the flat plane 
of deavage, and bisects the acute angles of the rhomb, or' inter- 
aeeta perpendicularly two of the sides of the hexagon. I ha^e 
not foond among the micas of the granite of the aouth-east of 
Irelandj any instance of tbe optic axes lying in the ahorter 
diagomd of the rhomb. 
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XLII. Oh a new Electroscope. By M. Melloni*. 

WHEN a conductor in a natural state is brought near an 
electrilied conductor, it renders imperceptible a portion 
of this electrical state, and by commnnicating its positive tension 
to the masked fluid in proportion as the perceptible fluid quits 
it by dispersion, prolongs the duration of the electric charge. 
On the othci' hand, it is well known that this effect is derived 
from tlic' oppo^^ito electricity, developed by induction, in the 
nearest part ot the induced body, and that the electricity, homo- 
logous witli that of the inductive ))(>dy, aj^pcius m the most 
distant portions, where it is distributed in proportions increasing 
with the diminution of the radius of curvature. 

A combination ui tiit-se three data, led me to conceive the 
possibility of eon -tructing an eleetrose(>pc of extreme sensibility, 
luid capable of remaining electrilied in cither direction for a 
nnuh longer time than any known apparatus of this di^t ription. 
The result has completely answered my expectations, and as I 
am convinced thai this new instrument will become exceedingly 
usel'ul ill ukctrical researches of several kuids, 1 aliaU cudcavour 
to describe it with all necessary details. 



i 





A is a little metallic cup, ftirnished with two long wire 
appendagesy D, wbich are soldered to opposite points of its upper 
margin; it eommnnicates, by a conductor passing through a 

♦ From the Com^ites Rendus, Dec. 11, 1854, p. 1113. 
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glass tabe^ with a ball or disc of metal £. B is a second reversed . 
metallic cup, a little smaller and much lighter than A ; it is 
attached hAom a wire or very thin metallic lever CC, which is 
suspended by its middle with a silk thread F. The axes of the 
two caps are brought to the same vertical line^ and the suspend- 
ing thread, placed at soch a level that the second cup is entirely 
contained within the firsts where it must be able to turn fireely 
round its point of suspension, without touching the walls of the 
fixed cup A*. 

When the apparatus is thus arranged, it is dear that if the 
conductor £ receives an electrical charge, it will be propagated 
by transmission to the outer cup A, and that when there it will 
act induction upon the inner cup B. If we suppose, {(X 
examplei that the electricity communicated ia positive, this elec- 
trical force distributed in A will disturb the equilibrium of the 
natural fluid of B; will repel the positive fluid and attract 
the negative, which will react in its turn upon the free fluid 
of A, mask a certain quantity of if, and abandon the rest 
to the known laws of electrical distribution on insulated con- 
ductors; so that the inteu'^ity of the action will depend on the 
cun'ature of the surfarcs, ;nid will be weaker on the walls of the 
cup thau upon its ap]H lulages. The outer cup A uf tlir charged 
apparatus will consequently contain a certain proportion of 
masked positive electricity (that is to say aceuuudatcd without 
tension and without mobility), and its appendages DD will pos- 
ResR a free electricity of the same kuid, which will increase in 
energy in proportion as we ajipiuach the extremities. 

As regards the inner mass B and its lever CC, there will 
be masked negative electricity on its central portion opposite 
the cup A, and free positive electricity on the remainder of the 
moveaole system^ that is to say^ on the flat top of the reversed 
cup and on the lever above it. Now the latter description of 
deetricity will evidently be far more energetic at the extremities 
of the lever than at its middle portion or on the top of the eup^ 

lat, because these extremities constitute the most distant 
points from the inductive action ; and 2nd, because the curva- 
ture here la greater than anywhere else. 

Thus the lever CC^ possessing the same kind of electricity as 
the appendages DJ), and being from its concentric position 
subject to the mutual action of their repulsive forces^ will be 
energetically repelled, unless it be exactly in the same arimuth 
with them ; after a few osdUations it will stop at a certain angle 

* Id the electrosicope which has beeu coustructed, there is a peeuliarity 
not mentioned in the description, — a small metallic C)'lindcr /^rises from 
the middle of the fixed cup A ; when the moveable cup is well hung, this 
cjhader oeenpiss its interior withoat tonchiDg it. 
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. ti demtion. The electrical charge, comnninioted to the fixed 
iystem EADD, will then begin to diminish. 

This diminution, howe?er, takes place much more slowly than 
in the ordinary electroscopes, in consequence of the masked 
electricity which is gradually disengaged from the central psrtj 
and whidi replaces on the cup A its appendages DD, the wire 
of communication and the disc E, a portion of the free electricity 
lost by dispersion. The double or mductive electrization of the 
moveable system BCC will exactly follow the successive phases 
of the simple electrization of the lixed system, its two principles 
will be re-compounded gradually in proportion to the loss of the 
charpre, niul after a certain time the whole will return to the 
natui-ai condition. All this is independent of the method em- 
ployed for charging the conductor E, and will consequently 
apply equally to cases of direct charge by contact, and to cases 
of indirect or opposite charge obtained by means of induction. 

To resume, the moveable part of the instrument is always 
electrified by induction and never bv communication ; the differ- 
ence in the form of the centres anJ extremities of the d and 
nioseable poi tiun:^ rciiilers the distribution of the niotnc lorces 
the most advantageous that can possibly be for the rotation of 
the index, and the inductive action of the central surfaces 
masking a portion of electricity which is afterwards set free in 
proportion to the loes undergone, prolongs the doration of the 
charge. 

The small sise of the pieces eonstitnting the essential part of 
the apparatus aeeeletating the loss of ele^ricity by diffnsion la 
the surrounding mediam, it is necessary that they should he 
enclosed in a case, in which the air must he kept very dry by 
means of some substance which possesses a great attraction for 
moisture, A dry state of the internal air is especially necessary 
to prevent variation in the torsion of the silk thread which sup« 
ports the reversed eup, so as to enable the index GG to return 
constantly to the same anmuth, when the appendages DB have 
lost their electrical charge. 

The case must be of a convenient form, and as the observa- 
tions to be made require the knowledge of the angles of deviation 
formed by two rods superposed without contact, and kept at a 
certain distance from a dial plate jilaced below them, the most 
favourable arrangement is evidently to suspend the tree extremity 
of the silk thread from the interior of the apex of a vertical tube, 
opeiiin<*: in the centre of a horizoDtal glatssdise, the cucuiiileicnce 
of which rests upon a eyluuh u ;;! metallic receiver, but little 
wider than the moveable lever an l the subjacent appendages of 
the fixed cup. The upper edge of this receiver nuist be flattened 
and lined with leather^ to intercept the coxumumcatiou between 
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the air within and the air outside the apparatus^ when the glass 
is fixed hy the pressure of little screws upon the nog of metal 
which kofp'^ it in its? plnce. 

The divided circle which measures the angles formed by the 
repulsion of the index, is to be perforated in the centre to 
give a free passage to the hxcd cup A. Tlic ronducting wire iti 
contained iu a tube of varnished glass, tilled with uiastic; it is 
bent twice at a right angle iu the same vertical plane, so that it 
resumes its original direction, and thus terminates at the outer 
piece of metal intended tor the introduction of the electricid charge. 

Into the space below the dial plate one or two reservoirs filled 
with chloride of calcium are passed, by means of openings in 
the bottom of the uicUl receiver, which are afterwards closed by 
screws. The receiver is supported on a tripod furnished with 
aeiews, which serve to place the suspended portion of the appa- 
ratus in equilibrium. 

Ltstly, the necessity of moving the apparatus from place to 
place, and of giving a certain initial angle of deviation to tile 
movad>le lever, renders it neeessar;^ that the upper extremity of 
the tube in wbieh the silk thread is enclosed should be capable 
of motion in two directions. The first is a simple vertical move- 
ment, to allow the inner cup to rest on the flat bottom of the 
outer cup, and to raise it again to the proper height ; the 
second a horizontal rotatory movement, to cause a slight devia^ 
tton of the index at the commencement of each series of experi- 
ments. The rotatory movement will be comiuunicated to the 
moveable system by means of the torsion of the silk. 

Af< tlic same force is the cause of the resistance which stops 
the electrized lever at a .greater or less angular distance, ita 
strength must be proportioned to the weight of the moving 
mass. On this account, instead of a singh* thread from tho 
cocoon, it is useful to eini)loy several of them united, not hy 
t^vi^tinp-, but simply glued together by the action of their own 
gummy nature and hot water. 

If the force of the torsion of the thread be iinmd too weak, 
and it be desired to abridge the time required fur the observa- 
tions. It is only necessary to jilaee parallel to the index on the 
moveable cup a little magnetized needle, as is done with the 
indicator of PrlfH r's electroscope, and to arrange the appen- 
dages of the hxed cup iu a direction forming an angle of 4 or 
5 di grees with the magnetic meridian. \^'e must not forget, 
however, that in this case we lose in exactitude what we gain iu 
rapidity uf observation. The as^sistance of the magnetized 
needle may nevertheless be useful under some circumstances, 
and especially when the great humidity of the air rapidly removes 
the electricity to the exterior of the instmment 
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XUII. On sonie Extensiom of Quatmdons. 5y Sir William 
KowAN Hamilton, LL.D.^ M.R.LA., F.R,A.S., Correspond' 
iny Member of the French Institute, Hon. or Corr. Member of 
several other ^Sficul ijir Societies in J^rifish and Foreiyn Cotui" 
frieSf Andreirs' Pr<ifes.st/r of Astrononiy in Ute University of 
Dublin, and lioi/al Astronomer of Ireland. 

[Continued from p. 5L] 
Section V. 

[30.J TN a])])lying to associative quines tlic general tlieory of 
A the Third Section*, we may (as has been seen) omit 
eacli of the signs as imnecessarj^ the index h receiving only 
one value in the sura thereby indicated ; and may suppress each 
sum S'^ as vanishing. In this manner the type iV.j or the 
fomula (151), becomes, 

IV.. {egf){eff-\'egg)=igeh .ehfi .... (191) 

wkile the equation (127), already derived as aaub-typefromll.j 
gives, by intercliangiDg e and/, 

{efff)(fee-^fyg)^{geh){hee-\-hgg), ... (192) 

Multiplying the latter of these two equatiuus by eff-{-egg, and 
the former by fee -f fgg, and subtracting, we eliminate the symbol 
{egf), and llnd that 

{geh){(ehf)(fee'\-fgg)'-{eff-^egg){hee-^hgg)}=^Oi . (193) 

and a similar dimination of (ffeh) gives the equation, 

{egf){W){fee^fgg)'-[eff^eyy){^^^^ . (194) 

And because (gehj^ — iegh), by (34), we may make any "sepa- 
rate or combined interchanges, of e with g^ and of /with h, and 
so vary the expression within the { }, without introducing any 
new factor, distinct from {egf ) and (egh)^ outside them. If, then, 
for any particular arrangement of the four unequal indices, 
e,f, (J, //, as chosen from amonj? tlic four numbers 1, 2, 3, 4, 
the two loiiowiug conditions are not both satisfied, 

(««/•) =0, {egh)=0, .... (195) 

we must have, for that arrangement of the indices, a system of 
four other equations, whereof one is 

VL. {ehf)(fee^fgy)^(eff-\-egg){hee-{-hgg), . (196) 

while the three others arc formed from it, by the interchanges 
just now mentioned. And if we further suppose that the two 
mmSffee-^fgg and hee-^-hgg, are for the same arrangement dif. 

* Ck>mpn8ing paragniphs [17.1 to [25.1, and pnbliihed in the FbiL Msg. 
for October, 1864. 
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ferent from zero, uiul wnte for abridgment, as a diji/niion, 

the four equations funuBhed by the fonniila (196), which may 
be regarded as a iixth tt/pefor qume$, may be coneisdy expressed 
as f<mow8: 

{ehf)=^{ehj)^ {j'^j)-=[yhf)o'^ Qy^^ 

With the notations . . 1/3, tor the symbols [efy), (eff), liiul 
thus that unless l^ and pi both vanish^ we must have the lour 
eqoatioas, 

fii,) = (ma-nJ(r2 + 7-,) ; %(^ii-'«i) = (w3-n8)(''2 + '*3) ^"1(199) 
and that unless Si=^0, /|=0, then 

— 4(ti,-mt)= («, +«i)(«8+ «a); 'sK-^) = fri +''«)K+«8)i"l (200) 

{31-3 J^npposinc^ then that 110 one of the twelve symbols {pfy) 
vanij^hes, ;md that each of the twelve sums eff ^egij is also dif- 
ferent from zero, the various an*angeiiicnts of the four indices 
efgh give us a system of twenty-fonr equations, included in the 
new type VI., or in any one of ilie lour formulae (198); which 
equations may, by (34), be arranged in twelve pairs, as follows : 

(*A/)=(^y)o=-(*^o (201) 

It might sc{ m that twelve equations between the twelve symbols 
of the form {eff) should thus arise, by the comparison of two 
expressions for each of the twelve symbols of the form (efy); 
but if we write for abridgement 

[y]=(/«+/a?)(yw+;S)»){{«V),+(**/)oJ, . (202) 

and observe that by the definition (197) of the symbol {e/ifjo, 

wc have then 

Lsii = (^//-^ ^99) iff^ +f99) {^^^ + %) 

+ («y+%)(/^+^^)(eM+w)> • • (208) 

we shall sec that this quantity [^] is independent of the arrange- 
ment of the three indices e,f, h; and therefore that the twelve 
equations between the twelve symbols (rff), obtained through 
(201), reduce themselves to the four following relations, 

W=0, [/]=0, 03=0, M=0; . . (204) 

whieh arc not even all distinct among themselves, since any 
tkree of them include the fourth. An easy combination of the 
two fiiat or ol the two last of thne km lehtiona (204) oomdoeta 
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to tliis other fomrala, which ia equivalent toihree distiiiet eqii»- 
tiona: 

(«jfir+«M)(/tfe+/^y)(^M+^6e)(%r+Aj5r)« 

{^ff'^egg){fee^-fhh){ghh+gff){hgg + hee)i . (205) 
and which may also be thus written, 

('''^/^(^^=Wo(^^0o• ■ • • (206) 

With the notations /, . . Kg, the twenty-four equations (201) are 
sufficiently: represented by the formulse (199) and (200), if cycUoal 
permutation of the indices be employed; the four equations 
(204) take the forms^ 

(''i + r^) («3 + %) (wj - ng) = (r 1 + r^) (m^ - u^) {m^ - w^), 

(», + w,) (»2 + ttj) (wg -f Ws) = ('"i - "i) 0^'2 - i'ajCw^a' 
whereof the equation on the second line may be obtained from 
the product of the three represented by the first line : and the 
three equations (205) or (20G) arc included in the following, 
which is evidently a consequence of (207), 

C'*i+»'s)(«i +«i)(«»+«i)(«8-«a)«('*i +r,)(tt,-mi)(fi,-mj(ii8-»g. (206) 

[32.] As regards the quotients and products of the symbols 
(efg), which we shall continue to write occasionally without 
parentheses^ we have by type VI., or by (197) (198), 

ejl^eff^gg^ 

9^f Uff^g^c' ' * . . • V ; 

eh/.^T^ieff+pffgHehh-^^); . . . (210) 

ehf.gfh = (eff^egff){ghh^gee); . . . (211) 

eliminating {ehf) between the two last of winch three equations, 
we obtain a relation of the same form as the first. Intei'chauging 
g and h in (210), and subtracting, we find that 

I.. ehf.efh'^efff,efy^{egg)*-(ekhyi . . (212) 

but this is preriscly \vhat the type I., or the formula (113), be- 
comes for (piiuii, when we cyclically advance the four indices in 
the ovdci' Jtgh; the conditions (117) (118) oi' that Jlrst type will 
therefore be satisfied, if we satisfy those of tlic si.rth, llad we 
divided instead of jsubtracting, we should have iuuud 

ehf.efk efj^eg g 

To interchange /, g, and divide, would only lead by (210) to 
another equation of this last form ; hut t^e same operations per* 
formed on (211) conduct to the equation 

ehf_ghh-{-gee > . 



Digitized by LiOOgle 



288 



which, when we interchanerc (/ and h, reproduces the formula 
(192); and sliuws thereby that the sub-type (127), included 
under type II., is satisfied by our new type VI., which indeed it 
had ;i<-isted to discover. The same equation inny also be 

derived from the formula (205), by dividing each member of 
that formula by {fee-\-fhh){hJf-\- hgy)^ and attending to the ex- 
pressions given by type VI., for f/y;/ ) and iqeJi) respectively. 
To interchange in (211), and divide, wuuid only comluct to 
another equation of the same form as (214). Permuting cycli- 
cally the three indices e, /, g in ('i09), and multiplying together 
the two equations so obtained tiicrefrom, the product gives 

ehg ./he eff-\r^g' ^ ' 

•ad if we multiply this equation by (209) itsdf^ we find that 

ehf .fhg ,ghe=ighf»eh(/ .fhe. . . . (216) 

In fact if we operate thus on the expression (197) for (eh/)^, or 
for its equal (ehf), or on the formula (196)^ we are led to this 
new equation, 

M/.//iy.^/ie=(A^5 + %)(/#+A^^)(A^(if + /i//'), . (217) 

of which the second member does not alter, when we interchange 
any two of the three indices e, /, fj. Another multiplication of 
three equations of the form f^i09), with the cycle egh, conducts 
to the equation [/] =0 of (20^1?). Interchanging ^, A in (210), 
and substituting the value so obtained for the product of the 
two extreme factors of the second member of (217), we find this 
other expression, 

elif.f^.ghe^he/.hfe.ihee+kff'); . . (218) 

which is still seen to remain unaltered, by an interchange of e 
and /. Interchanging/, g, and dividing, we obtain by (216) an 
equation of the same form as (2 1 o j , and if we divide each mem- 
ber (218) by {hej), we are conducted to the formula 

IV.. fhg.hge:^irfe.{hee'i-hff), . . • . (219) 

which is of the same form as the equation (191), or as the type 
lY.j and may be changed thereto by cyclical permutation of the 
fyat indices The same relation (219) may also be derived 

more directly from type VI., by substitutions of the values (198); 
for it will be found that the definition (197) gives this identify, 

The conditions of type IV., like those of type I., and of the sub- 
^rpe (127) of II., are therefore all included in those of the new 
type TL ; which gives also in various ways tiiis other formula 
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respecting products of four eymbolB of the form {rfff), 

esh.fhff ,gfe ,hef=zehg .fgh,gef.hfei . . (221) 

indeed it will be found that the members of this last equation, 
taken in their order^ are respectiTely equal by (196) to the 
members of the equation (206). 

With the notations /j . . .u^ supposine that none of the twelve 
constants vanish^ and that the twdve combinations the 
forms iii«-*f}i|, + ^^i+tft, are in like manner differ- 

ent from zero, we find thus, or from the equations (199)> (200), 
combined with their consequences (207), the following among 
other relations, in which cyclical permutation of the indices is 
still allowed : 




(222) 



(223) 



;?i«2= (m^- ) {ui^—v^), p^i^^ {m^— rig) (fig + M3), 
-i; ta=(ii, +tt,)(r, 4-r,), ^ +»'t)* 
= K-n|)(ii8+tig), M=K-»i)K-««)-^ 

The conditions (152), (153), of the fourth type, are satisfied ; 
and we have these other products, of which some have occurred 
already, in (17G), (177), in connexion with the particular systems 
(A) and (B) of quincs ; 

Ws= Ws« - +r«)(rt+ra)(r8+r,) n 

^iM=^^5;^3=('»i+"i)('Wi-«i)(«i— > • (^) 

where the two members of the equation on the last line are 
easily proved by (223) to be respectively equal to those of (208). 

[33.1 As yet we have only partially satisfied the conditions of 
type IL, or of the formula (123), which may for quint* be 
written tiins: 

11... fghAff^fee.gee-fyg ,(jff^-feh,ghe. . (225) 

Substituting for the last product in this formula its value given 
by (211), namely 

feh.ghe^{fgg+fhh)(gee'\-gff), . . , (226) 

and writing for abridgement 

vj^fee^fgg-^/hh, (227) 
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we are in tlus way led toettebliahlJiefoUowiiigimiiMi^* for 
quinet: 

VIL. hh.hJJ^Vf.gee^fhh.gff. . , . (228) 

Or since, by the sixth type, we have already 

VL. /yA . (hee-¥hff)z^Uee^/h]i)(gee+gff), (229) 

it is only necessary, for the purpose of satisfying the conditions 
of type or the equations (148) (145), to suppose besides 
tbat 

III., fyh.hee^fee .gff—fgg.geei . • (280) 

such bang the exptession which remains, when we subtract 
(228) from (229). But this kst equation (280) is precisely 
what the type III., or the formula (147), becomes for quines; 
it reproduces therefore the equations (148), with a correction 
dsewnere noticed (namely the substitution of for s^^ ; and 
eoafersely, if we retain that old type III., it will not be necessary, 
although it may be eonvenient, to introduce the new type Vlf., 
in combination with type YX* And if in (230) we substitute 
ftnr the tymbol {fyh) its value ciyen by (229), and so combine 
types lU. and VI., we obtain the equation 

fje±fhh _ gJJ. (fee ^fgg) -fgg , ( ge e -^gff) ^ .^ftl \ 
hee^hff hee.(gee-^gJJ) ' ' ^"^^^ 

tliat is, by (209)p 

6t^fSl^?fL,f^. ,282) 

hge hee hee ghe' * ' 

or finally, 

v.. hee .fge:=fyg ,ghe—gff.f/ie, . . . (233) 

But this is exactly what the type Y.^ or the formula (154), 
becomes for quiu^ when we suppress the sum change k 
to h, and advance cyclically the three indices efh ; it includes 
therefore the equations (155), which were the only remaining 
conditions of association to be fulfilled. If then we satisfy the 
two types, III. and VL, we shall satisfy all the conditions of asso- 
ciation for quines : since we shall thereby have satisfied also the 
four other earlier tt/pes, namely those numbered as I. II. IV. V. 
It only remains then to eoiisider what new restrictions on the 
constants {eff) are introduced by the comparison of the values 
which type III. gives for the other constants (efr/), as expressed 
in terms of them, with the values famished by type VI. ; or to 
discuss the consequences of the following general formula, ob-» 

* It u 111 be shown that this jnn^^/e xy^je \ihc ^vcuth) includes all the 
9ihert, ot is enflBcieiit to express eM tiie general eondkioms of Mtodatioii* 
between the 24 symbols of the forms (rfg) and But the elimtnstiaBi 

icqatrad Cor ibis deduetioa csanol be eonvenieiithir described al this stage. 
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tained by eliminating the lymbol (fyk) between (SS9) (d80)^ 
and not essentially distinct £rom the recent equation (281) : 

VITT... he€.(fee-\-fhh)(gee+gff)^{hee + hff){fee,gff^gee.fgg^^^ (! 

whicli rontaius all the old aud new relations, subsisting between 
the t\vt l \ c constants of the form {eff), and may be regarded as 
an eighth type for qumcs. 

[34.] Denoting the first minus the second member of (234) 
by the symbol [j^fyh] , we easily see that 

[efgh] =gee. (v/.hee -^fgg . hff ) 4^ gff. ( fhh.hee-hff. fee) 

and therefore that we have, identicuUg, 

[eM'] = [^M} P3G) 

this last or cip^hth type (234) contains therefore, at niost, only a 
system of twelve equations. Interchanp^mg/ and y, and attend- 
ing to the notation (202)> we see, by (203) (234)^ that of the 
three equations 

[efffh]=0, [.egM^O. W=0, . . (237) 

any two include the third; if then we only seek what netv con- 
ditions^ additional to thoae marked (204), are to be satisfied by 
the symbola (e/f), or rather by the eight following ratios of those 
symbols, 

^leggxthh; feeifygifhhi ^igffighh\ k€^thffihgg, (238) 

we need only retain at most four new eo uations, suitably selected 
from among those fumiahed by type VIII.^ sudi as the fourfol- 
lowbg, which differ amonff tbeinsel?es by the initial letters 
within the brackets, and so oelong to different groups, 

[fghe]=0, [^A^/']=0, {hefg]=Q', (239) 

and then to combine tlu ?c with any three of the four former 
relations (204), for example with 'the three first, namely 

W»=0, (/)=0, M=0, ... (240) 

from whi(^ the fourth equation \K\ =0 would follow, by means 
of the iienHig, 

= («jfir+^^)0+/M)(y«tf+^rM)(Aj(jr+%). . . (^1) 

It might seem however that the seven equationa (239) and (240), 
thus remaining, should suffice to determine seven of the eight 
ratios (238) : whereas I have found that it is allowed to tmime 
two pairs of ratios arbitrarily, out of the four pairs (238), and 
then to deduce the two other pairs from them. For I find that 
it is sufficient to retain, instead of the twelve equntions included 
under VIU., or the mvoi equajkions (230) (240), * ayakem 



Digitized by Google 



of only /o?/r equations of the type just mentioned; iiauiely two 
pairs, selected hum any two of the four groups, which have (for 
each crroup, and also for each pair) a common initial letter within 
the brackets ; for instance^ these two pairs of equations : 

[^^A]=0, [i«/a]=0; [f^h}mO, [/sfeh]^Oi . (242) 

which leave as many as eight arbitrary constants (for example 
these eighty eff, egg, ehh,fhh, ghh, hee, hff, hgg, from which all 
the rest can he determined) m the resulting system of associative 
quines. An outline of the mvestigation by which this important 
reduction is effected^ may be presented in the following way. 

[86.] The two first equations (242) connect the three last 
pain 01 ratios (238)^ in such a manner that when any two of 
those three pairs are assumed^ or known, the third can oe deter- 
mine. Henoe» with the interpretation (197) of the symbol 
{ghfjo, we easily find that those two equations (242) give^ 

{gee . hgg—ghh . /tee = (ghf)^ .fee -A 
Vg.kee ^3ff.hgfg=f£hf)^.fggiy . (248) 
— {^h . gee + hff . ghh) as (g/if ) ^ .fhh'- J 

because we find that /pp,fgg, fhh are proportional to the left- 
hand members of th« sr last eqnntion^ i"^'^) ; and that the sum 
of the two first of those left-hand uieuibcrs is identically equal 
to the j)roduct {gee+gff){hee-^hgg). For the same reason, the 
two tirst of these three equations (21^3) express really only one 
relation, namely that which is contained in the si cnnd equation 
(242), although they do so under different forms, both of which 
it is useful to know; and it is convenient to have ready also this 
other combination^ obtained by adding the three equations (243) 
together, 

Vi,.gf/-Vg,h//=Vf,(g^)^} . . (24i) 

which^ like those equations (243) themsehres, we shall consider 
as belonging to the group (e), because they are all derived ftom 
two of the three equations of that gi'oup, included under type 
VIII., which in tne recent notation [afghj have e for their 
initial letter; and because the third equation of that gronpi 
indnded nnder the same namely 

lehfg]=0, (245) 

may be derived from them, by the elimination of the symbol 
{ghflfy between t!ie tirst and third of the equations (213). In 
like Tiianner the two last equations (242) include a third of the 
same type ViH., and belonging to the same group namely 

(/).. [A»]=Oj (246) 

bceaaw tbi^ Mmdnet to <be ftOowing systm of rTif i i i im,. 



(249) 
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which may be ^Drmed firom (213) (244) by cydieal penmifaiaoii 

Multiplyinsr then the equations (2 V6) and ^214} by {^eJtg)^ and 
observing Lhat the identity (220; gives 

(«^)o-(*40o-(A«+«/)(*4^>o. • . (3M8) 

tre find^ on subfltitution of the first for the second members of 
(^7)^ that the resnlts are diyisible hj hee-\^ hff ; and that thos 
the eUmmation of the third pair of ratios (238), between (243) 
(244) (247)^ or between the four equations (2^)^ condneU to 
expressions of the recent fonns^ namely, 

hee , egg—ehh . hgg=fgg . {ehf)^', 

^€ ' hgg-^-eff .kee ^fee . (eA/)^; 

-(•* . €gg-{-hff. M)=fhh.(ehf)o; 

^ Vk^eff— t\ . A// = ty . (^//jo- 

A similar analysis may be applied to e£^ the eliminaticm of the 
fourth pair of ratios (238), with results entirely analofrous. On 
the whole then it is found, that the four equations (242) express 
such connexions between the four pairs of ratios (238), as to 
satisfy not only the two remaining equations, (245) and (246), 
of their ovm groups, {e) and (/), but also the six other equations 
of the two other groups, (jg) and (A), included under type YUL; 
namely 

(^).... I>y»]=0, [#A]=0, [ghef]=0--^ 
(A) . . . . \hefg-] =0, [hfegl =0, [%/] =0; J 

for the £i*8t line is satisfied by the ratios (249), and the second 
line by the analogous ratios, which are found in a similar way. 
Thus all the tmhe equations of type VIII. ai*e satisfied, if we 
satisfy only fmtr suitably selected equations of that type ; for 
example, the equations (242) : which was what we proposed to 
demonstrate. 

[36.] The eighty equations of association, assigned in the 
Third Section, between the twenty-four constants /| . • • 1I39 or 
(efg), {eff), have therefore, by the recent analysis^ been ultimatdy 
reduced to sir teen; namely the four equations which thnsreDttin 
from the last type VIII. ; and the twelve others whidi were ocm- 
tained in the type III., established in that earlier Section : and 
which (as was lately remarked) leave still no fewer than sxcnr 
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COBTSTANTS ARBITRARY in this theory of ASSOCIATIVE QVJHMM* 

We may indeed vary in many ways^ consistently with the same 
general theory, and by the assistance of the other recent types VX« 
and VII.^ the system of the sixteen equations of condition which 
are to be satisfied, and the choice of the eight constants which 
are to be regarded as still remaining arbitral^ and undetermined : 
and it may not be nseleas, nor uninteresting, to make some 
remarks hereafter, upon the subiect of such selections. But in 
the mean time it appears to be important to observe, that if 
some of the recent results, especially the formuln (210), (228), 
be combined with' some of those previously obtained, uid more 
particularly with the equations (112), (121), of Section III., the 
ibUowing very simple expressions are found, for the ten remain* 
ing eonstoils of nmt^Ucatian, the discussion of whieh had been 
reserved: 

(/)=r/; {ff)^Vf.v,i (251) 

or, with the notations abe, and with the usual ^^rdieal permuta* 
tton of the indices 1,. 2, 3, 

«i = i'i'> ^4=»4^ Ci^v^v^, . . (252) 

If then wc write for abridgement, 

the square of any quadrinomial vector is-, and the scalar of the 
product of any two such vectors, will take these remarkably 
simple forms: 

w«=:»«; SW=r.r''; .... (264) 
this latter scalar thus decomposing itself into a product'*' of two 
linear functions of the constituents, namely those here denoted 
by V and t/. And because it is easy to prove, from what has 
been already shown, compare (244), that in the present theory 
the eonstants Vg are connected by rehitions of the form 

—V, . rfessve .feessvf . // f Vg .efg-^vu. efh, . (256) 

we find, by multiplying^ this equation by t?^, and attcndin*^ to 
(251), the following theorems for tliose general assuciatioe quinet 
which have been in this section considered : 

♦ A Bimihu- decomposition ioto linear factors takes place for the quadri- 
sOMff (A) of par. [I3.j, but at the expense of one of the six arbitrarv con* 
teto /| 4 ^ Mf when we estsblish between thoie tymboU the rdstioii, 

la isenefsl* I find that it is posdUe to satisfy all the eonditioni of aaio- 

ctation for pofynnmes, and at the same time to secure a decomposition of 
Ihrtzr' into Hnear factors, while yet prcsorvmj? so many as3tt — 4 constants 
of multiplication arbitrary. (For c|uadnnome8» 3it — 4=9 — 4=5; for 
qnines, an— 4asl2— 4s8.) 

PkU. Mag. S. 4. Vol. 9. No. 59. AprU 1855. U 
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results which may be com pared with some of those obtained in 
Section IV., for the two particular quiue-systems, (A) and (B). 

Obimaton rif Triiiitv College, Dublin, 
FebniAxy 14/1855. 

[To be coutinued.] 

XLIY* 0l9erwUuim on the ^Magnetic Medium," mid on ike 
Effecte of Comprenion, By Profeasor W. Thomsoit. 

THE following letter was received a few days ago. It was 
not written for publication, but the subject to which it 
refers being of general interest at present, I ventured to suggest 
to Professor Thomson the desirableness of having the ktter 
prmted. This he at once agreed to. With the'exeeption of • 
ptngraph relatuie to matten of a pnrely private natore, the 
letter appears as f received it. Jqhn Tyndall. 

March 24, I boo. 

2 Conc{j:e, Glasgow, 
My dear Sir, March 12, 18o5. 

Allow me to thank yoo for the abstract of your lecture on 
magnetism, and the copy of your letter to Mr. Faraday, whick 
I have recently received from you, and have read with much 
interest. I am still strongly disposed to believe in the magnetic 
character of the medium occupying space, and I am not sure 
but that your last argument in favour of the reverse bodily 
polarity of diamaj^netics may be turned to support the theory of 
universally direct polarity. There is no doubt Init that the 
medium occupying interplanetary space, and the best approxi- 
mations to vacuum which we enn make, have perfectly decided 
mechanieal qualities, and among otiiers, that of being able to 
transmit mechanical energy in enormous quantities (a platinum 
wire, for instance, kept incandescent by a galvanic current in the 
receiver of an air-puni]), emits to the glass and external bodies 
the whole mechanical value of the energj* of current spent in 
overcoming its galvanic resistance). Some of these properties 
differ but little from those uf air or oxygen at an ordinary baro- 
metric j)res8ure. Why not, then, the magnetic property? (of 
which we know so little tliat \vc have no ritcht to pronounce a 
negative). Displace the interplanetary uKdiiiiu by oxygen, and 
you have a slight increase of magnetic }>uhinty in the locality 
witli a draw uig lu ol llie Imes of force. Displace it with a piece 
of bismuth or a piece of wood, and a slight decrease of maguetic 
polarity through the locahty takes place, accompanied by a push- 
ing out of the lines of force. A state of strain by compression 
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may enhance^ in the direction of the strain, that quality of the 
substance by which it h^ssens the luagnetizahihty of the space 
friJin which it displacf s air or "aether;*' ju^l as a sjimlar state 
may enhance, in the Jucclion of couipressiou, liic augmenting 
power of a paramagnetic substance. 

By the bye^ a long time ago (rather more than a vear after ' 
ihe Edinburgh meeting of we BritislL Asfiociatlon) I repeated 
with madi pleasure some of your oompression experimental and 
fbond a piece of fresh bread instantly affected by pressure^ so as 
always to torn the compressed line perpendieular to the lines of 
force^ to whatever form the fragment was reduced. A very slight 
sqneese between the fingers was quite enough to produce this 
property, or again to alter it so as to make a new line of com- 
pression set equatorially. I repeated it a few days ago with the 
same results, and got a ball of bismuth, too, to act similarly. I 
remember formerly finding the bread a/AYte/etf as a whole^ instead 
of being lepelledi as I expected from your results. I suppose, 
however^ this must have resulted from some ferruginous im])U- 
rities, which it may readily have got either in the course of tlie 
experiments with it, or in the baking. I mean to try this again *. 

I do not quite admit the arsrument you draw from your cotii- 
pressiou experiments regarding the etfect of contiguity of par- 
ticles, because in fart \vc know nothing of thf arfual state of the 
molecules of a strained solid. You have made out a most in- 
teresting feet regarding their magnetic bearings ; but experi- 
ments are neither wanted, nor can be made, to sliow any sensible 
effect whatever of the mutual influence of a row of small pieces 
of bismuth placed near one another, or touching one another. 
It 13 perfectly easy to demonstrate that it mmt be such as to 
impair the " diamagnetization of each piece when the line of 
the row is parallel to the lines of force, and to enhance it when 
that line is perpendicular to the lines of force, but in each case 
to so infinitesimally minute a degree, as to bie wholly inappre- 
ciable to the most refined tests that have ever been applied. For 
let Che lines of force be parallel to tiie line shown in the figure, 






and act on a steel needle in the manner there represented. Then, 
whatever hypothesis be true for diamagnetism, there ia not a 

* Prof. Thomion's sU])pr)sitioii is con ert : pure bread is repelled hy f\ 
miLgnetic pole. I may remark that I am at prciieut engaged in the furtiier 
rrsminstioft of Hie induaifie of oompression, and bavs already obtained 
amnerons tnslruetiTS rstults.— J. T. 

U2 
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doubt Imt that each piece is acted <ni, and conaeqoently reactab 
preciBely as a piece of steel veiy feebly magnetized, with its mag* 
netic axis reverse to that of a steel neisdle ine to turn, substitntai 
for it, would do. Each piece of bismuth thmfore acts as a little 
magnet, having its pulari tv as marked in the diagram^ would do. 
Hence the magnetiaing force by which the middle fira^ent is 
influenced is less than if the two others were away (this being 
auch a force as would be produced by a north pole on the right* 
hand side of the diagram, and a south pole on the left). It is 
easily secn^ simibrly, that if the line joining the centres be per- 
penJicidar to the lines of force, the magnetizing force on the 
space occupied by the middle fragment is increased. Corre- 
sponding assertion b are true for the terminal firagmcnts^ although 
the disturbing effect will be less on them in each case than in 
the middle one. Hence- the dia^ 

magnetization of each will be en- f 
feebled in the former case and 
enhanced in the latter^ by the pre- 
sence of the others. It follows, 
according totheprincipleof super- 
position of magnetizations, that 
if the line of the row be placed 
obliquely across the lines of force, the magnetic axia of each par- 
ticle, instead of being exactly parallel to the lines of force, will 
be a little inclined to them, in the angle between their direction 
and the dirertion transverse to the bar. The magnets causinp: the 
forcp of tlir field must act on the little diamagnets, each with its 
axis thus iindered soniewbat ohliqup, so as to produce on it a 
statical ( (>u|j1c (;is s]K>wn by the arrow beads), and the resultant of 
the couple B thu> ac tmg on the iViiGrments will, when all these are 
placed on a frame, or rigidly connectctl, ti lul to turn the whole 
mass in such a direction as to place tlie length of the bar along 
the lines of force. Still, I repeat, this action, although demon- 
strated with as much certainty as the parRllelosrraiu of forces, i:a 
so excessively feeble as Lu be absolutely inappreciable. A frag- 
ment of bismuth, of any shape whatever, held in any pnsition 
whatever in any kind of magnetic field, uniform or varyiii^^ luost 
intensely, only exhibits the renuitant action of couples on all its 
small parts if cni'stalline, and of forces acting always according 
to Faraday's law uu theui if the held in which it is placed be 
non-uniform. Some phenomena that have been observed are 
to be explained by the resultant of forces from places of stronger 
to places of weaker intensity in the field, others by the resultant 
of couples depending on crystalline structure, and others by the 
resultant of such forces and couples coexisting ; and none ob- 
served depend at all on any other cause. 
I gave a my brief summary of these Tiewa (whiidi I had ex- 
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plained somewhat fully and illustrated by experimenta on pam- 
magnetics of sufficient inductive capacity to manifest the ^ecta 
of mutoal influence, at the meeting at Belfast) as an abstract of 
my communication^ for publication in the Beport of the Bdfaat 
meeting of the British Aaaociation, where yon may see them 
stated, I hope intelligibly. The experiments on the paramag* 
netics are very easy^ and certainly exhibit some very curious 
phjimomena, illustrative of the resultant effects due to the attrac- 
tions experienced by the parts in virtue of a variation of the 
intensity of the lield, and to the couples tliev experience when 
their axes are diverted from parallelism to the imes of force by 
mutual influence of the magnetized parts. 

I had no intention of entering on this lung disquisition when 
I coiiimeuced, but merely vvijihed to try and briefly point out, 
that the assertions I have made regarding mutual influence are 
deijioiistrable in every case without special experiment, are con- 
firmed amply by experiment for paramagnctics, and arc abso- 
lutely incontrovertible, as well as incapable of veriticatioii, by 
experiment or observation on diamagnetics. 

Believe me, yours very truly. 

Prof. Tyniatt. 
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BOTAL 80CISTT. 
[Gontmued from p. 236.] 
Dee. 14, 1854.— The Lord Wrottedey, Ihwsident, m the Chair. 

THE fbUowing commnnicatioii waa read; — **ThePh3rsical Theoiy 
of Mnaenlar Contaaction." By Charlet Bland Radctifle, M.D. 

The theory set forth in this paper is, that muacle is prevented from 
eontractmg by the several vital and physical agencies which act aa 

stimuli upon muscle, — volition, nervous influence, blood, electricity, 
light, heat, and the rest, — and that cuntraction happens on the cessa- 
tion oj stimulation, by virtue of the u[)eration of that universal prin- 
ciple of attraction which belongs to muscle in common with all 
matter, and, so happening, that it is a physical pbaenomenon of the 
lame nature aa that contiaction which takes place in a bar of metal 
on the abstnction of heat. 

Thia theory is supported by various argoments, some of which 
are now stated for the first time. It is argued 

(o ) Thnt nervous influence cannot cause muscular rontrnction, 
(1) because the degree of innervation, as measured by the supply of 
nerves, is inversely related to the tendency to contraction ; (2) be- 
cause contractioQ does not take place so long as the nerve gives 
evidences of electricity (Du Bois Reymond); (3) because, in some 
iaatancca at leaat, contraction doea not happen so long aa the ncr^e 
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gives evidences of " irritability " — for contraction is not caused by 
hrat, by acids and alkalies, and by several other chemical and medi- 
etnal anbiteiices* vntil th« potiibility of provoking contrtction liy tiie 
tooefa of m needle has been destroyed by tbe action of the egent^ 

until, that is to say. the " irritability " of the nerve has been de* 
Btroyed by this action (Bckardt); and (4) because the influence of 

the nervous centre in causing contraction is to suspend the ntitural 
electricity of the nerve and muscle. This hi&t conclusion is evident 
in the fact, that the signs of electricity, which are absent during 
tetanus, imniediutely reappear in the muscle and in the portion of 
nerve connected with it, when the influence of the nervous centre is 
cut off and the tetanus resolved by dividing the nerve. 

{h,) That blood emtkot cause contraction, (1) because the tendency 
to oontraction is inversely related to the supply of blood ; thus, this 
tendency is greater in the voluntary mnsdes of fishes and reptiles 
than of mammols and birds — greater in involuntary than in volun- 
tary muscle? — greater in the muscles of any given animal during the 
state of iiybernation than during the period of summer life ; and 
(2) because the state of ri^or mortis may be relaxed more than 
once, and the lost " irritability " restored to the muscle by tbe in- 
jection of living blood into the vessels (Brown-S^ard). 

(c.) That eleetricUf cannot cause contraction, (1) because there ia 
a constant current of electricity in a muscle during rest, but not 
during contraction (Du Bois Reymond), — because, that is to say, 
contnietion is absent when muscle is in a state of electrical or polar 
action, and present when this state is absent, so that contraction ap- 
pears to be antagonized by this state of ])olar action; and ('2) because 
contraction is never coincident with the passage ui a current of arti- 
ficial electricity ; for, not only is it true that a muscle does not eon- 
tract during the time that a current of artificial electricity is passing 
through it. but contraction is immruMf related if contraction pre- 
(Edtardt). 'I'here is, indeed, momentary contraction at tbe 
opening or at the closing of the circuit, but thi? contraction can be 
shown to be coincident with neutnili^ation of electrical action, 
which neutralization if^ consequent upon tiie momentary opposition 
of the natural current of tlie muscle and tite artiticijd current. 

(d.) ihat mechanical ayeuts cannot glimuialc contraction, (1) be- 
cause the electrical phicnomena of muscle are opposed to such an 
idea; thus muscle affords evidences of electricity during rest, but 
not during contraction, and hence the probability is that electricity 
has been discharged when a muscle contracts on being touched by a 
needle. — a probability which is supported by the analogy which exists 
between the structure of muscle and the structure of the electrical 
organ of the Tor])edo, and between tlie circumstances producing 
contraction on the one hand and diM hnrj^c on the other (Owen. 
Faraday, and others); aud (2^ becauftc the movements of the sto- 
mach, or uterus, or any other viscus are not to be accounted for on 
the supposition that thh contractions are stimulated by the contents 
of the viscus ; thus the food accumulates and the stomach expands 
until the appetite is satisfied, and contraction does not happen nntU 
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the prffimiiiAry proecMes of digettUm are at an end, and thus tlso the 

child grows and the uterus expands, and labour j>ains do not 1>e^in 
until the grorr'tVi of the child ia completed» and the stimulus of that 
growth 8usi>ended. 

(e.) That heat and cold do not stimulate contraction, because con- 
traction does not hapi>en until the natural polar action of the muscle ia 
•oapended, — an event wbieh happena equally nnder either extreme of 
temperatnre, — and thna the mincle would eeem to contract becauae 
i3tm heat or cold extmgnbhea diat polar action of the muscle which 
antagonizes cootradion. 

(/.) n^at li^ht rftnnot cnmc contnirtion, (1) because it excrn?ps 
a directly op]>osite influence upon the irritable cushion:* of the >t iisi- 
tive plant; and ('2) because it is as cat.) to a^rce with Hii hat, and 
suppose that light expands the curtain uf the iris, as tiiut it causes 
contraction in sphiucter-fibrea sorronnding the pupil, whidi fibrea 
bare no exiatenee* 

(^.) That chemical and meekameai ageneiet do not stimtdate eon* 
tncdon, because contraction does not happen until the agent baa de- 
stroyed that polar action of the muscle which antagonizea contrac* 
tion (Eckardt), 

Ft is argued, also, that tlie action of thr vlll !ij)on muscle is not 
necessarily that of a stimulus, for the will Dim/ art by withdrawing 
aomething from the muscle as well na by couimauicating something 
to the muacle. and» if ao* then the previous considerationa enhance 
tiie probability that it acts by withdrawing something. 

In the course of the argument it is further shown that this con- 
elusion is borne out by the history of the muscular movements M'hich 
are manifested in the coats of vessel" nnd in the heart, while at the 
Mme time this view is found to give the clue to the phvpicnl inter- 
pretation of " capillary action," and of rhythm, whether this be in 
the heart or elsewhere. 

It is shown, al:<o, that the same conclusion is borne out by the 
paliiology of tremor, convulsion, and spasmi — of those diseases, that 
u to say, in which muscular contracdon is in excess. Thus, (to 
mention one argument out of many,) the state of circulation which 
is invariably associated with tremor, convulsion, and spasm, is one 
which necp««arily imj)lic8 the diminution of all accustomed stimu- 
lation in the muscle, for it ia a state which borders closely upon 
syncoj)e or asphyxia. 

And, lastly, it is shown that there is nothinir in the j)haenomenon 
of muscular contraction which need prevent it irom being referred to 
the operation of that common principle of attraction which belonga 
to muscle tmcowmom mih all matUr^ and thus the general conclusion 
is that anotiier barrier between the organic and inA%anic world is 
broken down, and that muscular contraction ia an effect of the 

nmvfr«al Inw of gravitation . 

There nrr, however, sundry t^rave obiortlnn? to this theory, and 
one nuiin object of the paper under con^idi nitlon \^ to remove them. 
Thus, for example, if muscle contracts when nervous influeiu e is 
withdrawn, how is it that it relaxes when the nerve is divided ur 
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otherwise ]»;iralysed ? aiid if a musc le contracts for want of biood, 
how is jt that it relaxes in syncope, asphyxia, and death? These 
objections are grave, but not uosurmountabk, as the following hints 
St ezplBDattoa will sem to tbow. 

It muflt be midentood, then, that that state of polar action which 
is present in a muscle during rest and absent during contractionp it 
rt^stablished immediately after contraction ; it must also be Under- 
stood that this state of polar action in the muscle is suspended 
during ordinary muscular contraction by certain changes which take 
place in the nervous centre, and that it h i? dird out when contrac- 
tion liappens after death* as in rigor mortis ; and the rest is suffi- 
ciently simple. 

It is quite in accordance with the theory, then, that a muscle 
should contract when nervous influence is withdrawn* and that it 
should relax after the nerve is divided or otherwise panlysed. At 
the moment when the continuity of the nerve is broken the muscle 
contracts, because the ioflaenee of the nervous centre is cut off ; 
but this contraction cannot continue, because that state of polar 
action which antagonizes contraction i? immediately rc-estabH*»he<i 
in the mn<=clc, and in the portion of nerve connected with it. 1 his 
relaxation, moreover, must continue, if the j^alysed muscle be left 
to itself, so long as the muscle continues to be the seat of this polar 
action. And, on the other hand, this contraction must return when 
this action is suspended, or diminished, or extinguished, as indeed 
it does I thus the muscle contracts when the polar action is sud- 
denly suspended by galvanism or by the touch of a needle; thus it 
contracts after the paralysis has continued for some time* and when 
the failure in the nutrition of the muscle has entailed a correspond* 
ing failure in its polar action ; and ttius it contracts in rigor mortigp 
when all polar action is finally extinguished. 

It is also in accordance with theory that tremor, convulsion, and 
spasm should be caused by wuuL of blood, and that they should 
cca^c when the circulation fails, as it fails iu syncope, asphyxia, or 
death. During tremor, convulsion, or spasm, the mosdes are insuffi- 
ciently supplid with nervous influence, because the deficient supply 
of Uood to the nervous centres involves a corresponding deficiency in 
the degree of innervation ; but once let the circulation fail below a 
certain point, and the whole case is altered. During tremor, con- 
vulsion, and spasm, the supply of blood to the nervous centres is in- 
sufficient to keep ti]) the normal dcpree of innervation, but it is sv^- 
cieut to prevrnt {he nerves from bciny paralysed, and hence the con- 
tractions in the muscles, for the nerves being conductors, tlie failure 
in the action of the nervous centres is proj)agatcd along them to the 
muscles, and ^ this failure the contractions are the consequence. 
But if the circalatioii iails below a certain point, the atruet art 
pandgted fwr watt of blood, and being paralysed, the failure of in- 
nervation in the nervous centres, even though this be now complete, 
does not entail a corresponding fiulure in the polar action of the 
muscle, because the nerves are no longer conductors : and not 
doing this, the polar action of the muscle* which is much more 
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y ig ow W ' than that of the nervous centre and nerve, and far less 
dependent upon the supply of blood, is immediately re-established, 
and being re-established, the muscle relaxes (ju?t as it does in 
the case where paralysis is caused by division of the aervc), and 
tremor, coavulsioi! and spasm are at an end. Nor is there any doubt 
that the nerves are paralysed when the circulation fails to the point 
which is here supposed. Thus, if the circulation in the hand be 
depmiaed by immernon in cold water, the aenae of touch and the 
power of mofenent are partiaUy or wholly destroyed; or if the 
princ^lMl vessd of a lunb be tied, the nerves are sinulaily paralysed 
votil the collateral dicnlation be established ; and in each case, also, 
llie power of provoking "reflex movements" is diminished or de- 
stroyed. In either cas^e the nerves are more or le«« pRraly«f(i for 
want of blood, and, if so, it surely follows that the nerves must be 
paralysed , and still more effectually, when the circulation fails as it 
fail? in syncope, aF'})hy.\ia. or death, i\m\ when th6 movement of the 
biooii i!j ahnufet or altogether at an eud. Hence it is quite iuteiii- 
gible that tremor, convulsion or spasm should be cansed by want of 
blood, as is stated in the argument, and that they should cease in 
sfnoope, asphyxia, and deara ; and thus this objection falls to the 
ground, and with it all objections of the seme kind. 

Such is an imperfect sketch of the evidence upon which the phy* 
sieal theoty of muaeolar oontnction is founded. 

Dec. 21 . 1 854.— The Lord Wrottesley, President, in the Chair. 

The following communication was read : — 

Remarks on the Anatomy of the MacgUlwrayia peiagica and 
CMeirofh Ufuleyi (Forbes) ; suggesting theestablisbinent of a new 
geans of Gasteropoda." By John D. Maodonald, R.N.» Assistant- 
Surgeon H.M.S. HeraU). 

Having examined the anatomy of the M^cgiUwrajfta peUiffka and 
several smaller species of pelagic Gasteropoda, not exhibiting the 
least similarity in the character of their shells, the author found that 
they all presented a very close relationship to each other in the type 
of their respiratory organs, and in other points of structure of less 
importance. 

The giils in every instance bcemed to be fixed to the body of the 
animal immediately behind the head, and did not appear to be ap- 
pended to the mantle, as in the Fsctinibranchiata properly so called. 
They were also mvariably four in number, and arranged in a cmei- 
fccm manner round a central point. They were free in the rest of their 
extent, doQgated and flattened in form, with a pointed extremity, 
and fringed with long flowing cilia, set in a ^lled border. They 
were, moreover, furnished with muscular fibres, both transverse and 
longitudinal, and exlubited great mobility when protruded, but lay 
side by side in tlie last whorl of the shell when retracted. 

ihe auditory capsules, each containinp^ a spherical otolithe, were 
closely applied to the inner and posterior part of the larger or ante- 
rior ganglion of the suboesophageal mass. 

lliere were two^ tentacnla, each bouring at the onter aide of 
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its base an eyt eoiuisting of a globukr lens wltli optic nem and 
retinal expansion. I'he foot was large and very mobile^ imC a ircii 
cular float has been observed only in Macgillivrayia . 

Tlie respiratory siphon was either a simple fold of the mantle 
forming r teiii]H)rary tube (Cheletropis), or a fold ^vhose borders 
were united tluougii their wkol^ length, leaving an aperture at the 
end, as in MacgiUiomyia. 

A lingual ribbon with welloniariced racbii and plenne oecnia in 
all the apeeia. Very perfect labial plalea with cloaelf>aet dental 
points arm the month in aome instanoea, and probably in all. 

The little animals possessing in common the characters here de> 
scribed, nevertheless fabricate shells so Tcry difierent as to admit of 
their division into well-marked genern. 

The author conceives that the obvious difference between the 
pectinibranrhiatc type of r(--])irRtory organs and that observed in 
the group of Gasteropoda now under consideration, affords sufficient 
grounds for placing the latter in a distinct order by themselves ; and 
aa illuatrationa of it he prooeeda to gire aome detaOa of the atructute 
of the two qieciea mentiooed in the title of the paper, whoae ahetta 
have been already described by the late Prof. E. Forbes, and figured 
in Mr. MacgiUivray'e ' Namtive of the Voyage of H.M.S. Kattle- 
anake/ 

In MarqiUivrnym the disc of the foot is broad and connected by a 
narrow attachment to the body just beneath the neck ; it carries an 
operculum behind, and is cleft by a notch in front. A raphe ob- 
servable in the median line, as well indeed as the whole character of 
this part of the organ, seems to shadow forth the transformatiou of 
^kut single foot of the Gaateropod into the wing-like expanaion of 
the Pteropod. 

After describing the labial plates and lingnal strap, the eyes and 
the hcanchiie. the author observes that the tubular siphon protrudes 
from the shell on the left side and seems to indicate the coexistence 

of a respiratory chamber with naked branchiap. 

The vesicular float, like that of lanthinn, noticed br Mr. Marfril- 
livray, consists of an aggregation of vesicles varying both in number 
and size in different cases. Ft is cxceedin^lv delicate, and could not 
be found in the specimens first obtaine<l, having j>robably been de- 
stroyed or detached from the foot by the force of tiie water running 
through the medies of Ihe net with which they were captured. Ita 
eoexistenoe with an opefculum shows that it is not a modification 
of the latter. 

Of the Cheletropis Huxley i, numerous specimens weie found in 
Bass's Straits and in the South Pacific, between Sydney and Lord 

Howe's I •'land. 

Alter giving some details respecting the shell and the foot, the 
author observes that the latter organ was destitute of float, at Irnst 
in the specimens he obtained, but was furnished with an operculum, 
which, probably from its extrane thinness and smallness, had 
escaped the notice of Professor Forbes. He then points ont the 
pecidiaritiea of the respiratory appaiatos. 
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Hie portion of tbe mantle which forms the respiratory siphon, is 
^hort, and its opposite edges are mertly in apposition, witliout 
orj^anic union. The branchiif are of two kinds, covered and naked. 
The covered gill is single buL oi coueidentble length. It is beautituily 
pectmated, and fringed ^th kmg cilk, and* doubtless, represents 
the re^iiatory oigan of tbe peetinlbraDchiate Oasterypoda. Tbe 
baais of this part U a long and narrow atrip of a tougkand fibroua 
material* folded upon itself into a series of loopa invested with a 
coating of epithelium, and richly ciliated along the free border. 
The naked gills are four in number, similar both in situation and 
character to those of Macgillivrayia. Each gill is of an oval or 
elongated form, presenting a thin, frilled and corrugated border, 
beset with long whip-like cilia. In the central parts mu&cular libret 
are diatinetly diBoemible* some diapoaed lengthwiae and o^era 
traoaveraely. 

Tbe lingual strap is next described, as well as two file-like tri- 
torating plates with which the mouth ia furnished. 

The two tentacula of each «i«?e appear as it were enclosed in one 
envelope, so as to form u tingle tactile in^iti'umeut, wliicli bears a 
large dark eye on its outer side near the liase. To thijj latter organ 
tbe tcgumentary covering forms a kind of cornea, beneath which is 
a spherical lens resting on a mass of black pigment, both being en- 
eloaed in a little sac; and the optic nerve, emerging from the sub- 
CMophag^ gi^lion, joins tbe miniature globe and eipands into a 
zetioa. The author was unable to trace an opening through the 
pigment for the passage of light, but thinks it probable that, as in 
the ocelli of insects, such an aperture exists in the central part. The 
auditory capsules are situated at some distance behind the eyes, and 
may be di-tinctly seen with the microscope when the sunuunding 
parts are cureiuiiy removed with fine needles, i he y are ot a rounded 
or oval form, and each contains a beautifully transparent and highly 
refracting otolithe, much larger than the leoa of the eye* 

January 11, 1855. — ^Thomas Bell, Esq., V.P., in the Chair. 

The following communications were read : — 

" On the Development of Mu&cular Fibre in Mauunalia," By 
William S. Savory, M.D. 

The author's obserrations were made chiefly upon foetal j)igs. but 
they have been confirmed by repeated examinations of the embryos 
of many other animala, and of the human fcetus. 

If a portion of tiasoe immediately beneath the surfoce from the 
dorsal region of a foetal pig, from one to two inches in length, be 
eiamined microscopically, there will be seen, besides blood-corpuadee 
in various stages of development, nucleated cells and free nuclei or 
cytoi)l:LSts scattered through a clear and structureless blastema in 
great abundance. These cytoblasts vary in shajjc and size ; the 
smaller ones, which are by far the most numerous, being gentrally 
round, and tbe larger ones more or less oval. Their outline is di- 
atinct and well defined, and one or two nucleoli may be seen in their 
intetior as small, bright, highly refracting spota. The rest ol their 
•ubataaoe ia either onifonnly nebuloQa or iiuntly granular. 
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The first itage in the devdopiiieBt of ttrmted mntenlar fibre cniii- 
fliste in the aggregatiqD and edhenon of the cytobleeti, end theb to* 

vestment by blastema so as to form elongated masses. In these clmtm 

the nuclei have, at first, nn popular nrranc^errjent. Almost, if not quite 
as soon as tlio cytoblasts are tiius ngi:rcix;ite(i, the) become invested 
by the blastema, and this substance at the »ame time appeare to be 
much condensed, so that many of the nuclei become obscured. 

These nuclei, thus aggregated and invested, next assume a mucii 
more tt^aJin poeitbn. They fidl into u mn^ row with lemaikaUe 
tmifonnitjr, and the euirounding anbetance at the eame time grows 
clear and more transparent, and is arranged in the form of two bands 
bordering the fibre and bounding the extremities of the nodei, so 
that now they become distinctly visible. They are oval, and form a 
single row in the centre of the fibre, rlo«elv pncked to<rethcr side by 
fcide, their long axes lying transversely, and their extremities bounded 
on either side by a thin clear pellucid border of apjiarently homoge- 
neous substance. 

It is to be observed how closely the muscular fibres of mammaiia 
at this period of th^ development resemble their permanent fbnn in 
many insects. 

The fibres next increase in length and the nnclei eeparate. Small 

intervals appear between them. The spaces rapidly widen, until at. 
last the nuclei lie at a very considerable distance apart. At the same 

time the fibre strikingly decrease" in diameter; for as the niudet 
parate, the Internl bands fall in and ultimately coalesce. 

This lengthening of the fibre and consequent separation of the 
nuclei is due to an increase of materiai, and not to a stretcliing of 
the fibre. 

Soon after the nnclei have separated tome of diem b^n to decav. 
Ther increase in size; their outline becomes indistinct; a brint 
border appears immediately within their marg^ ; their contents be- 
come dmsidedly granular ; their outline is broken and interrupted ; 
and preeenliy an irregular cluster of granules is ail that remains, and 
these soon disappear. 

It sometimes happens that the nut lei ))ori!^h while in contact, be- 
fore the fibre elongates ; but the subsequent changes are the same. 

The btri.L penernlly first berome visible at this period^ imme- 
diately within tiie inaigiii of the fibre. 

The fibre is subsequently increased in size, and its development is 
continued by means of the surrounding cytoblasts. These atmcb 
themselves to its exterior, and then become invested by a layer of the 
BttRoimding blastema. Thus, as it were, nodes are formed at inter-> 
vals on the surface of the fibre. These invested nuclei are at first 
readily detached, but they soon become intimately connected and in- 
definitely blended witli the exterior of the fibre. All its characters 
are soon acquired, the nuclei at the same time gradually sink into 
its substance, and an ill-defined elevation, which soon disappears, is all 
that remains. 

Lastly, the substance of the fibre becomes contracted and con- 
densed. The diameter of a fibre towards, or at the dose of inbm* 
uterine life, b considerBbly Icsa than at a much earlier period. 
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At the ]>eriod of birth muaeular fibres vary mueh in aim. 

Tbe tereial stages in the defelopment of muscular fibre, abm 
mentioned, do not succeed each other as a simple consecutive series'; 
on the contrary, two, or more, are genendly progressing at the same 
time. Nor does each commence at the same period in all cases. 

"On the General Integrals of the Equations of tbe Internal 
Equilibrium of an Elastic Solid." By W. J. Macqncm Rankine^ 

F.H.SS.L. & K. 

The First Srriio/i of this papt r is iiitroductor\', containing a snm- 
mary of principles already known respecting the elasticity of solids. 
Those principles are treated as the consequences of tbe following 
DifiivmoH or Elasticity, without introducing any hypothesis as 
to the mdeeular structure of bodies. 

" Elasticity is the property idlicA bbdU$ p099en of preservhsg deter- 
mmate volumes and figures under given pressures and tetuperotmres, and 
which in a homoqeneoue kadjf nuoufeste itself equaUjf m everp part of 
appreciable magnitude.** 

The investijPfations are limited by tbe folio wing conditions ; — 

1. The temperature oi the elcustic body i& supposed to be con« 
stant and unilonn. 

2. The variations of the volumes and figures of its partides are 
supposed to be so small, that the elastic pressures may be considered 
as sensibly linear functions of those variations. 

3. It is assumed, that the only force, besiden elastic presfnrep, 
acting on the particles of the body, is that of terre^trial gi nvitation. 

All posf-ible small variations of volume and figure of an originally 
rectangular molecule, when referred to three orthogonal axes, may 
be resolved into six, viz. three linear dilatations or compressions, 
and three distortions. 

In like manner the elastic pressures exerted on and by such a 
molecule may be resolved into six, via. three normal pressures, and 
three tangential pressures. 

Tliose six pressures are connected with each other and with the 
attractive force acting on the molecule, by three well-known difi'er- 
ential tNpiatious of the first order. 

They are aiao coauected at every element of the surface of the 
body, by three wdl-known linear equations, with the componenta of 
the external force acting on that element. 

The general problem to be s6lved is, to find the integrals of the 
first three equations, subject to conditions fixed by the last three. 

The six variations of volume and figure of a rectangular molecule 
are expressed by six small fractions called " coefficients of displace- 
ment." 

If the difierential of each of these fractions be multiplied by the 
pressure which directly tends to vary it, the sum of the products is 
the complete difierential of a function called the PotetntM Energy 
of Siaetie Forces for the molecule in question, which is sennbly a 
homogeneous quadratic function of the six fractions. It has twenty- 
one terms, and twenty-one constant coefficients, which constitute 
the Coefficiente of EUuticitp of the body, for the system of orthogonal 
axes chosen. 
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Twenty-one equations express the relations between the systems 
of coefficients of elasticity in a given body for any two difibrent 
systems of orthogonal axes. 

Whsa a body possesses a system of orthogonal aeet of dattMtp^ 
its coefilcients of elasticity, when referred to these azest are reduced 

A body isotropic with respect to elasticity has but three coefficients 
of elasticity, which are the same for all 5=ets of orthogonal axes, and 
are connected with each other by an equation. 

If the Potential Encr^^ of Elastic Forces be expressed as a homo- 
geneous quadratic function of tiie 6w elastic pressureSf its coefiicieuta 
constitute the eoeffidents of c&mpressibUity and egtetMUihf, and of 
pliability. They have relaHons to the coeffieientaof elaaticlly whieh 
are oooaeqnences of the properties of determinants. 

The Seemi 8ecthi$ of the paper relates to the problem of the ge- 
neral integration of the equations of the internal eqailibriom of an 
Elastic Solid, especially when it is not isotropic. The method of SO* 
Intion con«i«t« of the following eight processes : — 

I. The centre of gravity of tlie body being (in g^cneral) taken for 
the origin of co-ordinates, the forces applied to the surface of the 
body are subdivided into nine systems of " Reduced External 
P&BssuRBs," which are of such a nature, that for any integration of 
the external forces as originally expressed over a portion of the snr- 
6bce of the body, may be sabstituted the sum of three integrations of 
certain of the reduced external pressures over the three projectiona 
of that portion of the surface upon the co-ordinate planes. 

By such integrations, extended to the whole of the body, are 
found the mean values of the nine reduced external pressures, which 
are connected by simple equations with the mean values, or constant 
terms, of the six internal elastic pressures. 

I'he deviations of the reduced external pressures above and below 
their mean values, constitute nine systems of variable parts of those 
pressures* 

II. The eighteen coefficients of the three co-ordinates in the iineor 
terms of the six internal elastic pressures are determined by means 
of eighteen equations ; via. three equations of internal equilibrium 
between certain of the^e coefficients and the force of gravity, and 

fifteen equation** formed by means of the conditions of equilibrium 
of portions of the body cut otf by the co-ordinate planes, and planes 
parallel to them. 

III. The six constant terms, and the eit^hteen linear terms, of the 
three dilatations or compressions and the three distortions, are com- 
pated from the corresponding terms of the internal pressures by 
eliminatioii, or by means of the coefficients of extensibility and com- 
pressibility, and of pliability. The coefficients of the co-ordinates in 
those twenty-four terms bear linear relations to the coefficients in 
the linear and quadratic terms of the three projections of the mole- 
cular displacement. 

IV. The parts of the nine reduced external pressures correspond- 
ing to the constant and linear terms of the internal pressures having 
becu determined for each element of the body's surface and sub- 
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tnet0d from the nine actual reduced erternal pmsnfct, there re- 
main nine residual rednced external pressures for each such element, 
-which form three system*, each suitable for development in series 
of tri^ronometrical fimctioas of a different pair of independent co- 
ordinates. 

V. The parts of the three projectiuna of the molecular displacement, 
wbidi coffea p ood to each system of reriduea of the reduced external 
presaorea, are to be ezpraaed by infinite seriea in terms of the dnea 
and codnea of linear functions of l^e proper pair of independent co- 
ordinates, each order of terms containing (except in some special 
cn!*es) four kinds of trigonometric functions, multiplied bv «ix expo- 
nential functions of the tbird co-ordinate, whose jiarametcrs are the 
roots of an equation of the si&th order, and by twenty-four arbi- 
trary constants. 

From the expressions thus formed arc to he computed symbolical 
expreattona for the valuea of the system of residues or transcendental 
parta of the reduced external pressures* for each pair of independent 
OMurdinates, which, by the aid of the equation of the form of the 
soifime of the body, are to be transformed into series containing 
term? in trigonometric functions of the independent co-ordinates 
only, nuilriplied by linear functions of the arbitrary constants, wliich 
are (in general) twenty-four times as numerous as the orders of 
terms. 

VI. By equating the constant factor of each term of the symbo* 
Seal developments thus formed* to the constant factor of the coire* 
spending term of the arithmetical developments found by the pro- 
cess IV., there are formed as many linear equations between the 
arbitrary constants and known quantities as there are constants to 
be determined, from wbich equations tbo«p constants are found. 

VII. Cases in which one ordinate inttrsects the surface of the 
body iu two or more pairs of points are to be treated by a special 
method. 

VIII. Tho reaolts of the previous processes are to be combined, 
and the solution of the problem completed by determining and adding 
to tlicrn the displacements and rotations of the body as a whole. 

The Tkird Section relates to the internal equilibrium of a rectan- 
g^ar prismatic body. 

Prore??^ I., II. and ill. The determination of the constant nnd 
linear terms of the internal pressures, and the correj^jiondin^ teniis 
uf the molecular displacements, consists in tiie special application of 
tiie methods of the preceding section. The axes of figure are taken 
far azea of co-ordinates. 

IV. The means and difierenees of the transcendental residues of 
the reduced external pret^sures on each pair of faces of the prism are 
dereloped in series of trigonometric functions of the pairs of inde- 
pendent co-ordinates of the respective faces to which they are ap- 
plied ; the series employed bein*^ of such a nature^ that for the 
edges of the body all their terms vanij-h. 

V. and VI. An order huvui^ been iixcd lor the con^iderutiuu of the 
Ibroea aetingon the three paira of fiuses, let yx, zx, xy be that order. 
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Series of functions trigonometric in jr uid exponential in #, and 

satisfying the equations of internal equilibrium, with arbitrary con- 
Ftniit coefficients, are taken to represent the molecular displacements 
produced by the residual pressures on the faces normal to x. From 
those series are computed series rej)resentin2: symbolically those re- 
sidual pressures, which berieii bt-ing; equated to the series numerically 
lepreienting thoae preBsures, the arbitrary eonttaiitB are found by 
elimination. 

The formula thus obtained are employed to compute ideal ayatena 

of external pressures on the faces normal to y and jr, called " Pram* 
siotuU prenures" which are developed in trigonometric fiiDCtiona of 
the independent co-ordinates of the faces to which they are conceived 
to be ajjplicd. Should the provisionjil pressures agree with the 
actual re^idnal pressures on those faces, the process is complete; 
should they not so n^ee, the provisional pressures are to be sub- 
true ted ixoai the actual residual prcaaurea» leaving systems uf re- 
maindera caUed " Secondary prettmref,*' 

The aeiiea repieaenttng the molecular displacementa corresponding 
to the Secondary Premaree on the fiicea normal to jr are to be found 
in the manner already referred to. The formulae thus obtained are 
to be employed to compute an ideal aystem of ' ' Provisional Secondary 
Presmres** on the faces normal to M, which are to be developed in 
trigonometrir functions of j- and y. 

Should the ])rovisional secondary pressures thus fouud agree with 
the actual secuudary pressures on the faces normal to r, the process 
is complete. Should tliey not so agree, the pruvisiuiiitl are to be sub- 
tracted from the actual aecondary preaaurea, leaving a system of re- 
maindera called *' Tertiary Preetnree*' on the faeei normal to x, whoae 
effecta are to be comput^ in the uaual manner. 

Fkroceaa VII. la not required. 

Prooeaa VIII. consists in combining the terma of the molecular 
displaroments due to the constant and linear terms of the internal 
pressures, the residual pressures on the faces normnl to x, the se- 
condary pressures on the faces normal to y, and the tertiary press- 
ures on the faces normal to z, and finally determining- and adding 
to the other terms, those dependmg uu the dibplacemeuti) aud ro- 
tations of the prism as a whole. 

The Fourth Section rdatea to the inte|pra]a of the equatiooa of the 
internal equiUbrium of an isotropic elastic solid. 

The constant and linear terms of the internal pressures are to be 
determined by the methods described in the pveriooa sections, for all 
solids, whether isotropic or not. 

The transcendontnl tcrm^i of the internal pressures and molecular 
displacements in an isotropic ehutic solid, require a special method 
for their determination. 

The three projections of the molecular displacement, with ail their 
functions, in an isotropic solid, are dedudble from one primitive 
function or series of primitive fonctions of the co-ordinatea, by cer- - 
tain processes of derivation, distributive, but not necessarily commu- 
tative. 
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Btoh piimitiTe fbnetaon must satUfy the conditioo 

and may belong to oae or other of eight cliu^ses, according as it is 
even or odd with respect to y and g. 

The processes of deriyation applicable to the primitive functions 
contain three arbitrary constants for each primitive fonction* Hence 
when there is a series of primitive functions of different orders, there 
are twenty-four arbitrary constants for each order of terms. 

In the developments of the rp^^idual external pressure?, there are 
al«o twenty-four constant coetiicients for each order of terms* of 
wiiich the arhitrarv constants are linear functions. 

The iiuLaliuu of Ai. Lamp's work on the Muthematical Theory o£ 
the Elasticity of Solid Bodies, so far as it relates to isotropic stth* 
staoces. is compared with that of this paper. 

Reference beings made to the known method of representing the 
dastic pressures at a given particle of a solid, in magnitude and di* 
rection, by the radii of an ellipsoid, and the positions of the surfaces 
to which those pressures are npplied by those of the tangent planes 
to an ellipsoid or hyperboloid , the difference (not generally attended 
to) between the cane of tangentmi pressures, and the cone of slulimj, 
is pointed out. This diHerence is important in the theory of liie 
strength of materials. 

January 18, 1855«— Sir Benjamin Brodie, Bart., in the Chair. 

A paper was in part read, entitled " Ocular Spectres and Struc* 
tares as Mutual Exponents." By James Jago. A3. Cantab., 

M.B. Oxon. 

Tlie paper opens by statini; that for want ot a methodical elimi- 
nation of ocular F^] ectres from one another — a want which it- iiim ig 
to meet — phy^iulogical optics remain to this day without any real 
foundation; and even when we have followed the rays of light 
throogh all the refiracting media of the eye, we cannot safely assert 
what sensations belong to them until we have detected everything 
connected witJi the percipient membrane which ma^ obstruct the 
action of light on it, or which may originate sensations as of light 
throujjh other sorts of impulses. Our eyes in many important re- 
spects provide us with an opportunity for microscoi)ical research 
that no optical instrument employed on the dc;u! eye can rival. We 
may thus gather a variety of information, physical .uid phy&iulogical, 
solve poiots of ocular aliuctuic tlxat e;::cape other means of investi* 
gnticQ. and bring a profusion of ingenious speculations to a termtna- 
ticm, bf showing that the phflenomena(and this is especially true of 
the retinal phaenomena) which have occasioned them are simply 
exponential of anatomical facts ; and important physiological laws 
may be arrived at by like means. 

The first step in the author's task is to determine the conditioiis 
which render objects existing ujiun or within the eye visible by tlieir 
shadows, and to obtain optical principles by which we may examine 

thU. Mag. S. 4. Vol. 9. No. 59. AprU 1855. X 
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the interior of our own eye with hmS&tj, to as to reoogniie in what 
lenticular structure, and what part of it, the caute of any shadow or 
•« difiractiTe image " remdea. He shows that we may make every 
measurement of intereat, may decide all the points just alluded to, at 
the instant, as it were, by mere inspection ; and he illuatratea hta 
optical principle? by appropriate experimrnt«. 

The paper tlicn commences its actual eliDiiaation of ocular spectres 
from one another, starting from the appendages of the eye andgtiing 
on through the ocular tissues in succession to the retina^ under 
several heads, as— 

OptM Ejf(6ctB cfihe Sfe^hn, Bpe^Uds, and Coi^wneimil Fbatb* 

These pruUuce phscnomena of reflexion, lefiaction, and inflection. 
They may multiply the images of objects which are without or which 
are within the eye, and occasion us to see the latter. The conjuno- 
tival fluids render apt illustrations of recondite difiractive sha- 
dows. 

Optitml SfmHm-e of the CryHalime Len9. 

It is showa that the stelliform figure of our crystalline lens is 
distinctly visible in divergent light. The lens contains numerous 
bodies displaying a series of diinaotiTU fringes. The fringes of the 
border of the iris are likewise conspicuotts. Whenever light radiates 
into the eye from a near point, all these things happen* Henoewheu 
a line of radiants (an edge of any body) is before the eye, a mosaic 
fringe of these coloured shadows will be formed ; and there is an 
ocvfar fringe, as well as the fringe; on the edge of a body by light 
inflected at the body. The ocular ( t ]nnr« mentioned scpm to hnve 
been the cause of the Ik ! ;< f t hat it c;in Ik proved cxpeririK iitally that 
the eye contnins no provision for the correction of chromatic disper- 
sion ; whereas the colours spoken of should only be compared with 
those that arc produced by Jlaws in the glasses of optical Instru- 
ments. 

The Structure of the Vitreim Bodtf derived from Optical Phdcnomema* 

On this head the author arrives at the following conclusions. 

In the vitreous body are innumerable vesicular globules, ranging 
in size from 0 0008 to 0 00.") of a line, which are arranged in un- 
broken series, in tubes more or less transparent. These tubes pre- 
cisely resemble veins and arteries in their mode of ramification ; they 
frequently aiiastomosc and are united to one another by capillary 
plexuses, and they are of less specific gravity ilian tlie viucuua liuid. 
'lire trunks of this peculiar system of vessels probably arise in tha 
region of, or ai the base of the optic nerve, and ramify in the iriitreooa 
humour; the larger brandies passing drcumferentiaUy Within n 
limited distance of the hyaloid membrane, and yielding again mtmf 
branches, which, after repeated subdivisions, end in a capillary net* 
work exceedingly subtle and close. Many of the terminal loops of 
the capillaries are attached to the hyaloid membrane, so as to con. 
fine the majority of the branohes in a lax manner to its vicinity. A true 
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idea of this system umy be gained by conceiving that the veins and 
arteries here existing in the foetal eye have in after life been deve> 
loped aoeording to the growtii of the body, but also metamorphosed 
into these light, peculiar, globule-holding, transparent vessels, and 
deprived of all foreign support except at their roots and a part of 
their capillary loops. The intricate ramifications of these vessels 
have the mechanical effect of in a great degree restraining the rela- 
tive motion of the hiimnnr whioh fills t1ie liyaloid capsule, and com- 
peUing: It to cuncur in the various inovLincnts of the eye-ball, so as 
to obviate the risk of concussion Irom eddies of the fluid in rapid 
movements of the eye, and consequent disturbing effects on the lens, 
the retina and its vessels. 

The paper goes on to take this snlject np in detail ; supplies the 
djDAmical laws which must be kept in view in tiie application 
previoQslj obtained optical methods to the required examination i 
dioWB tfciat It is the system of ranufications described which has 
given rise to the peculiar appearances simulating concentric lamelln 
in the vitreous humour previously subjected to chromic acid, so dif- 
ferently interpreted by microsropists. Here too the hitherto vagrant 
musca vui if antes are, for the first time, invested with form, disposi- 
tion and otfice. They are now shown to be the essential element in 
the structure of the vitreous body ; and certain radical niisconcep- 
tiom*, as to the nature of these appearances and the coiistitutiuu ai 
the vitreous body; are pointed out. 

The Optical Anatomy 0/ the Rethut. 

The existence of the vasa cent r alia retina in the tttbatattce of the 
fetina, and the movements of the blood therein, occasion diversified 
phsenomcna. Wc may examine these vessels in our own eyes, in 
their minutest distrHnitions, by means of a pin-hoie, lens, &c., in 
vtot^cment ncrofis the eye's nxis, in virtue of a physioloirical law here- 
after determined. Currents of blood in these vesj?eis, by pressure 
upon the nervous matter at their sides, produce remarkable phivno- 
mena, differing for the superficial and deep vessels (that is, according 
to the place of the vessel m the five layers of the retina lately disoo- 
veied by mieroscopists). These phnnomena may all be distinguished 
from one another, and assigned with precisiom each to its cause. 
The phxnomena of this kind are aiwaj/s before us by daylight and 
night. In every use of the organs of sight these effects may be 
ob*';rved. In twilight, and into night, the pressure of the 1)1 nod - 
currents on the retina first equals and then excels the impression 
made by the failing external light; and the whole circulatory 
«3rstem may be seen, with proper attention, definitely figuring- itself 
in white or golden colour. A great concentration of light appears at 
the middle of the retina, which requires a bountifnl supply of blood, 
fend owing to the pointing of vessels towards the fofimm wnin^, 
fbere it an i^parent gyration of light currents round a dailnr pivot. 
The whole oondact the retinal circulation may be traced by the 
blood^a^. And the manner in which the blood flows throng the 
retina may he equable, or irr^ulnr and fitlol i 'it may be very slow, 
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•nd it may roll with great npklity. A rhytlimieftl or leeuirent 

circulation of the retinal blood is Tery frequent, and produces very 
singular phenomena. We may produce the uncommon states of the 
retinal circulation at pleasure, by artifices described ; and it is shown 
that it is the retinal circulation %vhich is the cause of all tbe phaeno- 
mena which have been taken to prove spontaneous, vibratory, 
sensations of lij2:ht. 

I'roDi these ukmcntar)' facts being overiuuked, fundameutai errord 
as to the conduet of tho retina proper haye prevailed on all hands. 
When external light is so fiunt that the retinal light from Uood* 
pressure exceeds it, the middle of the retina t# so occupied wUk rctbud 
light as to be, comparatively with other parts of tiie retina, unavail* 
able for the usual purposes, and we do not see anything with direct 
nearly so well as with oblique vision; and this inefficiency of the 
centre of the retina is not limited to the case of " stars of the last 
degree of faiivtncss " (Herschel and South), but nil famuli objects 
that are quite visible by laLerttl ' inspectiou appear to be "suddenly 
Uotted out" by the eyes being turned directly upon them. 

The rhythmical waves of light, or rhythmical progression of the 
retinal blood (and the mode of movement of the retinal hbod as 
rendered by optical phaenomena can be observed by other means), 
may occur, in a certain sense, spontaneously, or may be produced at 
The retinal circulation maybe excited to show astonishing 

luminous effects. 

/^inuiig other ways of causing a rhythmical or recurrent movement 
of this blood, is that by simple fatigue of the retina by overstraining 
the sight, when the retina, more or less suddenly (or after a few 
oscillations), becomes flooded with blood, and complete oblitemtioii 
of all objects having less than a certain innunosity ensues. This 
circumstance has misled Brewster and Purkinje, separately, into tibe 
belief that they had discovered that a sensation excited in one por- 
tion of a retina mny be " extended" or " irradiated" to nn adjacent 
portion. Other cases which are imagined by J. Miiller and Brew- 
ster to support this view arc subjected to examination; the real 
cuu»e of each of the pha'uomena mentioned being pointed out. 
Some peculiar effects of retinal light are given ; and it is determined 
that the rigid correspondence of the Umite of seneation with tkoee of 
ike painted image, is a physiological law litoally aheohie. 

Unsuspected difficulties of a solitary eye, and certain well-known 
phsenomena are explained upon the foregoing prindplss. 

May seneation be excited m the trunk of the optic nerve, or emUri' 
fugally ? 

The arLnimcnts whieli have been presumed to prove the affirma- 
tive are shown, one by one, to be fallacious, while there is pre- 
sumption of a negative sort. Observations are offered as to the cor- 
rect explanation of various physiological points which have been 
otherfrise interpreted, and reputed physiological contrasts of colour 
ere comndered. 

Images of external objects are pwM OH the limiterg nwrnArme, 
tmd perceiwd bg the radial /ibrei. 
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This head commences with the quotation of a passage from Sir 
Dvnd Brewflter^s 'Opties' which he offered towards an explanation 
ef the diffioolty of seeing a Tery faint star by direct viaion ; audit is 
shown that the retina is not liable, as Brewster imagines, to be 
tiurown into a state of *' undulatory" perception by our looking 
through the teeth of a "fine comb" or through a single " narrow 
aperture." The paper point" oiit that the effect ob^en'ed in thc?e 
drcumgtances i? produced by our looking ncnr the edge of anybody 
whatever, provided, nnd only ihen^ that the object movf, be it never 
so little, arroRs thp ei/e s axis. It shows that the same effect is pro- 
duced by light radiating from a point, by a flame, by lenses, curved 
reflectors, whUtt lAqr mrt in the ttct qf moving across the eye's axis ; 
•r by the movement d the eye itself, merely in relation to the light 
entering ity — eren the naked eye along the sky. The effect pro* 
dnced is shown to be simply owing to this ; that the retina, under 
soch action, ceases to perceive in the spaces corresponding to its 
blood-vessels and capillaries, so that they completely display them* 
selves in the semblance of black bodies (or line?) ; and the hnv is 
arrived at, that the imat^es of external pomts wiiich are painted on 
the vessels and capillaries are not perceived when the retina hses 
liqht from one point of space and receives light from another point of 
space within a certain interval of time, or that the percipient points 
lying in front of the vessels require a eertam time tit perceive. A 
physiological hypothesis is suggested to account for this ph«no* 
menoDf on the presumption that the " radial fibres," which project 
from the layer of rods and cones and end in the limitary membrane, 
aie the ultimate percipients of light. 

It is poirttcd out how wonderfully close we may find the corre- 
spondence between the microscopical and optical anatomy of the 
retina. Each pair of identical tibre« of the two optic nerves must 
be regarded as one nerve. Another supposed anomnly to the sim- 
plicity of nervous action being explained on auutoinical principles, a 
statement of ordinary optical nervous action is made, and a summary 
e ti nccB how the anomalies in nsual experience are due to the com- 
plex additions to a simple organ of sight. 



ROYAL INSTITUTION OF G&£AT BftlTAlN. 

Feb. 2, 1855, — "On the Pendulum-experiments lately made in the 
Harton Colliery, for ascertaining the mean Density of the £arth." 
By G. B. Airy, Esq., F.K.S., Astronomer Royal. 

The Lecturer commenced with remarking that the bearino: of tlic 
ex})eriments, of which he was about to give a notice, was not 
limited to their ostensible object, but that it applied to all the bodies 
of the solar system. The professed object of the experiments was 
to obtain a measure of the density of the earth, and therefore of the 
mass of the earth (its dimensions being known) ; but the ordinary 
data of astronomy, taken in conjunction with the laws of graTitation» 
fgB9t the relatiye proportions of the mass of the earth to the masses of 
the ion and the principal pUnets ; and thus the detennination of the 
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^tolutt man of the earth would at once give detenninatioM of the 

absolute inas?es of the sun and planets. 'J'o show how this propor- 
tion is ascertfiinrd, it is only necessary to remark, that a planet, if 
• no force acted on it, would move in a straight line ; that, therefore, 

if we compute geometrically how far the planet moves in a short 
time, as an hour, and then compute the distance between the point 
irhioh the pbuiet bw mohed in Its curved orbit* and the ttraight 
line which it has left, we ha?e found the displacement which is pro* 
dnoed by the sun's attractioiitand which is therefore a measure of the 
sun's attraction. In like manner, if we apply a similar ealoulation 
to the motion of a satellite durinj^ one hour, we have a measure of 
the attraction of its primary. U'he rnmparison of these two g^ivea 
the proportion of tlie attraction of the ^un. m acting upon a body, 
at one known distance, to tlic attraction ( t a ])I;inet, as acting upon 
a body at another known distance. It is then nt^ces&ary to apply one 
of the theorems of the laws of graTttation, namely, that the attrao- 
tion of every attracting body is inversely as the square of the distance 
of the attracted body, and thus we obtain the proportiun of the at* 
tractions of the sun and a planet, when the bodies upon which they 
are respectively acting are at the same distance from both : and 
finally, it is necessary to a])ply another theorem of the law of gravi- 
tation, namely, that the attractions thus found, corresponding to 
equal distances of the attracted bodies, are in the same piojuirtion 
as tlic masses ui the uUiacliiig bodies (a theorem which applies^ to 

gravitation, hut does not apply to magnetio and otherforossY Into 
the evidence of these portions of the law of gravitation, the h^etmat 
did not attempt to enter: he remarked only that they rest upon very 
complicated chains of reasoning, but of the most certain kind. His 
only object was to show that the proportion of the masses of all 
bodies, which have planets or satellites revolving round them, can 
easily be found (the proportion for those which have no satellites 
is found by a very indirect pnx ess, and with f ii le>s accuracy ) ; and 
that if the absolute mass of ihe eai th be kuuwu, the absolute mass 

of each of the others can be found. As tiieir dimensioDs are known, 
their densities can then be found. Thus it rests upon such inquiries 

as those on which this lecture is to treat, to determine (forinstanoe) 
whether the planet Jupiter is composed of materisls as light as water 

or a? light as cork. 

The ol)vious importance of theife determination? had induced phi- 
losophers long since to attempt determinations of the earth's deiisity ; 
and two classes of experimtjuts hud been devised for it. 

The &r&t clabs (of which there was only one ni&tauce) is the 
attraction of a mountain, in the noble SchehalUen experiment Xl 
rests, in the first place, upon the use of the zenith sector ; and, in 
the next places upon our very approximate hnowledge of the dimen* 
sioDs of the earth. [Hie construction of the zenith sector waa 
illustrated by a model: and it was shown, that if the same star were 
observed at two places, the telescope would necessarily be pointed 
in the same direction at tlic two places, and the difference of direc- 
tion of the plumb-line, as shown by the difiierent points of the 
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graduated arc wUeh it crossed at the two placea. would show how 
much the direction of gravity at one place iaineliiied to tiie direetioii 
df gravity at tiie other place.] Now from, our knowledge of the 
fona and dlmenmone of the earth» we know that the direction of 
granty changes very nearly one second of angle for every 100 feet 
of horizontal distance. Suppose then that two station? wore taken 
on sichehallicn, ojie on the north side and the other on the south 
side, and suppose that their distance was 4000 il-et ; then, if the 
direction of gravity hud liot been influenced by the mouutain, the 
inclination of the directions of gravity at these two places would 
kflve been aboat 40 eeconde* But enppoee. on applying the aenitk 
••etor in the way just described, the inclination was found to be 
laally 53 eeoondi. The difffrence* or Id leconds, could only be 
explained by the attraction of the mountain, which, combined with 
what may be called the natural direction of gravity, produced 
directions inclined to these natural directions. In order to inter 
from this* the ck n-ity of the earth, a calculation was made (founded 
upon a very accurate measure of the mountain) of what would have 
been tiie disturbing efiect of the mountain if the mountain bad been 
ae denee as the interior of the earth. It was found that the dit* 
torbance would have been about 27 seconds. But the djstnrbanea 
was really found to be only 12 seconds. Consequently the propor- 
tion of the density of the mountain to the earth's density was that 
of 12 to 27, or 4 to 9 nearly. And from this, and the ascertained 
density of the mountain, it followed that the mean specific g^ravity 
of the earth would be about five times that of water. The only ob- 
jection to this admirable experiment is, that the form of the country 
near tiic uiuuntain is very irregular, and it i:^ dillieult to say iiow 
laiich of the 13 seconds Is or is not reslly due to SchebtUien* 

The second daas is what may be culed a cabinet experinienftt 
possessing the advantage of being extremely manageable, and the 
disadvantage of being exceedingly delicate, and liable to derange* 
ment by forces so trifling that they could with difficulty be avoided. 
Two small balls upon a li^ht horizontal rod were susjjcnded by a 
wire, or two wires, forming a torsion balance, anrl two large leaden 
balls were brouglit near t<) attract the small balis? liom the quiescent 
position. We could make a caicuiatiun of how far tne great bulls 
would attract the litde ones, if they were as dense as the general 
mass of the earth i and comparing this with the distance to which 
the leaden balls really do attract &em» we find the proportion of 
dsnaity of the earth to the density of lead. The peculiar difficulty 
and doubt of the results in this experiment depend on the liability 
to disturbances from other causes than the attraction of the leaden 
balls, e«j>ecifdly the currents of air produced by the approach of 
bodies t t a ditferent temperature ; and after all the cautions of Ca- 
veodisli, Reicii and iiaily, in their successive attempts, it seems not 
impossible that the pbaenomena observed may have been produced 
in part by the temperature of the great balls as well as their attrae* 

tiOB. 

Xhaie oooaidecatiDiti ui^ucad t)ia Ijectii»r« 1896, to conlea* 
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plate a third class of experiments, namely, the detcrnu nation of the 
di£ferenee of gmvitf at the top and the bottom of a deep mine, by 
pendulum experiments. Supposing the difference of gravity fbond, 
ita q>plication to the determination of denMty (in the nmplest caee) 

was thus explained. Conceive a spheroid, concentric with the ex« 
ternal spheroid of the earth, to pass through the lower station in the 
mine. It is easily shown that the attraction of the shell included 
between these produces no effect whatever at the lower station, \mt 
produces the same effect at the upper ptution as if all its matter 
were collected at the earth's centre, 'i hci efui e, at the lower station 
•we have the atU^ction of the interior mass only : at the upper sta- 
tion we have the attraction of the interior mass (though at a greater 
distance from the attracted pendulum) and also the attraetioii of die 
shell. It is plain that by nuking the proportion of these theoretical 
attractions equal to the proportion actually observed by meana of 
the pendulum, we have the requisite elements fojr finding tiie pro- 
portion of the shell's attraction to the internal mass's attraction* 
and therefore the proportion of the matter in the sliell to the 
matter in the internal mass ; from which the proportion of density 
is at once found. Moreover, it appeared probable, ujioii estimating 
the errors to which observatioiis arc liable, that the resulting error 
in the density, in this form of expenmeut, would be less than in the 
others. 

Accordingly, in 1826. the Lecturer* vrith the assistance ol hia 
friend Mr. Whewell (now Dr. Whewell), undertook a series of expe- 
riments at the depth of nearly 1200 feet, in the Dolooath mine, near 
Camburne, in Cornwall. The compaiison of the upper and lower 
rocks (to which further allusion will be made) was soon found 
to be the most serious difficulty. The personal labour was also 
very great. They had, however, made a certain progress when, on 
raising a p-art of the in^tnnni nts, the straw packing took fire (the 
orisrin i f the tire it still unknown), and partly by burning and partly 
by f.illing, the instrumenti? were nearly destroyed. 

In 1828 the same party, with the assistance of Mr. Sheepshanks 
and other friends, repeated the experiment in the same place. After 
mastering seyeral difficulties* they were stopped by a slip of the 
solid rock of the mine, which deranged the pumps and finally fiooded 
the lower station. 

The matter rested for nearly twenty-six years, the principal pro- 
gress in the subjects related to it being the correction to the compu- 
trttion of " buoyancy " of the prndnlnm, determined by Colonel 
Sabine's experiments. But in the spring of 1854, the manipnlutioa 
of galvanic signals had become familiar to the Astronomer Royal 
and the Assistants of the Greenwich Observatory, and it boon oc- 
curred to him that one of the most annoying difficulties in the for* 
mer experiment might be conridered as being piactica]ly overcome* 
inasmuch as the upper and lower clocks could be compared by simul- 
taneous galvanic signals. Inquiries, made in the summer, induced 
him to fix on the Harton Colliery near South ShieldSp where a re- 
puted depth of i2$0 lieet could be obtained ; and as soon this 
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selection wis known, every possible facility and assistance were 
given by the owners of the mine. Arrangements were made for 
preparing an expedition on a scale sufficient to overcome all antici- 
pated difficulties. A considerable part of the expense was met by a 
grant from the Board of Admiralty. The Electric Telegraph Com- 
pany, with great liberality, contributed (unsolicited) the s'kill and 
labour required in the galvanic mountings. The principal instru* 
seats were lent liy the Royal Society. Two observers were 
nishcd by tlie Royal Observatory, one by the Dturham Observatory, 
one by the Oxford Observatory, one by the Cambridge Observatory, 
and one by the private observatory of Red Hill (Mr. Carrington's)* 
Mr. Dunkin, of the Royal Observatory, had the immediate superin- 
tendence of the observations. 

The two stations selected were exactly in the same vertical, ex- 
cellently walled, floored, and ceiled; the lower station, in particular, 
was a most comfortable room, or rather suite of rooms. Every care 
was taken for solidity of foundation and steadiness of temperature. 
In each (the upper and the lower) was mounted an invariable brass 
pendnlom, Tifacating by means of a steel koifo edge upon plates of 
agate, carried by a very firm iron stand. Close Mhind it, upon an 
independent stand, was a doci^ carrying upon the bob of its pen- 
dulum an illuminated disc, of diameter nearly equal to the breadth 
of the tail of the invariable pendulum ; and between the two pen- 
dulums was a chink or opening of two plates of metal, which ad- 
mitted of adjustment, and was opened very nearly to the same 
breadth as the disc. To view these, a telescope was fixed in a wall, 
and the observer was seated in another room. When the invariable 
pendulum and the clock pendulum pass the central points of vibration 
at the same instant, the invariable pendulum hides the illuminated 
disc as it passes the chink, and it knot seen at all. At other times 
it is seen in passing the chink. The obiemtion, then, of this dis* 
appearanee determines a coinddenoe with great precision. Suppose 
tiie next coincidence occurs after 400 seconds. Then the invariable 
pendulum (swinging more slowly) has lost exactly two swings upon 
the clock pendulum, or the proportion of its swings to those of the 
clock pendulum is 398 : 400. If an error of a second has been com- 
mitted, the proportion is only altered to 397 : 399, which differs by 
an almost insignificant quantity. Thus the observation, in itself ex- 
tremely rude, gives results of very great accuracy. As the propor- 
tion of invariable-pendulum-swings to clock-pendulum-swings is thus 
found, and as the doek-pendulum-swings in any required time are 
eountod by the dock dial, the corresponding number of invariaUe- 
pendidum-swings is at once found. Coneetions are then required 
for the expansion of the metal (depending on the thermometer- 
leading), for the arc of vibration, and for tiie buoyancy in air (de- 
pending on the barometer-reading). 

But when the corrected proportion of upper-invariable-pendulum- 
swings to upper-clock-pendulum-swings is found, and the propor- 
tk>n of lower-iBvari|U)le-pcndttlam-8wing8 to lower-clock-pendulum- 
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swings is found, there is yet another thing rcqiiired — namely, the 
proportion of upper-clock-pcndulum-swings to iovver-clork-pendu- 
Ium> swings in the same tilne ; or, in other words, the pro])ortion of 
the clock rates. It was for this that the galvanic signals were re- 
quired. A galvanometer was attached to each clock, and au appa- 
ratuB was provided in a naUl auxiliary dockt which completed a cir« 
cttit at every 15 seconds nearly. The wire of this circuit, passing 
from a.small battery through the auxiliary clock, then went through 
the upper galvanometer, then passed down the shaft of the mine to 
the lower galvanometer, and then returned to the hattery. At each 
galvanometer there was a small apparatus for breaking circuit. At 
times previously arraugcil, tlie circuit was completed by this appa- 
ratus at both stations, and then it was the duty of the observers at 
both stations to note tlie clock times uf tiic same &igual;& ; aud these 
evidently give comparisona of the clocks, and therefore give the 
means of eompuing their rates. Thus (by steps previously ex- 
plained) the number of swings made by the upper pendulum it 
oompared with the number of awings made in the aame time by the 
lower pendulum. 

Still the result is not complete, because it may be influenced by 
the peculiarities of each pendulum. In order to ovcrcnnic these, 
after jjendulnm A hud been usetl above and prndulum B below, tlicy 
were rever&cd; pendulum ii being obfcCivcd above, ami A bciow; 
and this, theoretically, completes the operation. But in order to 
ensure that the pendulum recdved no injury in the interchange, it 
is desirable again to repeat the experiments with A above and B 
below, and again with B above and A below. 

In this manner the pendulums were observed with 104 hours of 
incessant observations, simultaneous at both stations, A above and 
B below ; then with 104 hours, B above and A below ; then with 
CO hours, A above and B below ; then W'ith GO hours, B above and 
A below. Aud 2454 effective signals were observed at each blution. 

The result is, that the pendulums suffered no injury in their 
changes; and that the acceleration of the pendulum on being 
earned down 1260 feet is 3^ Mooads pef day, or that gravity ia ia-» 

It does not appear likely that this dctermtnatton can be-aensibl]^ 
in error. The circumstances of experiment were, in all respeata, 

extremely favourable ; the only element of constant error seems to 
be that (in consequence of tbe advanced season of the ycnr) the 
upper station was cooler by 7^ than the lower station, unii the tem- 
perature-reductions are therefore liable to any uncertainty which 
may remain uu the correction for 7°. The reductions employed 
were those deduced by Sabine from direct experiment, and their uft- 
oerlamty must be very small. 

If a calculation of the earth's mean density were based upon the 
determination just given, using tbe simple theory to which aUoaiea 
ia made above, it would be found to be between six times and seven 
tinei th0 density ol water. Bnt it ia neoeiaary yet to take into 
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•AocNUit tiia deficiency of matter ia the valley of the Tyne, in the 
hollow of JaiTow Slake, and on the sea-coottl It it ahio necessary 

to obtain more precise determinations of the specific gravities of the 
rocks about Harton Colliery than have yet been procured. Measures 
are in progress for supplying all these deficiencies. It Feems pro- 
bable that thi resulting number fur the earth's density will probably 
be diminished by these more accurate estimations. 



XLYI. Intelligence and Miscellaneous Articles, 

OV Tan AMTinCIAL TRODVCTIOM O* If INXSAM BlUlNGIWa TO 
TBI lAMILT 09 iltlCATM AND ALVHINATBI BY THB BBAC« 

9ION OP yAPomts irtoN bocks, by m. daubr^b. 

MODERN geology admits as j)roved, that the rocks in contact or in 
the neighbonrliood of the massive crystalline strata have 
undergone i^OIne tiKnlifu ution ; to thi^ theoretical idea they owe their 
name ot meia^iwrphiv rocks. 

Ever since the remarkable experiment! of James Hall, an elevated 
temperature hae been Admitted aa the prineipal agent of meta* 
norpbism. Nevertbelese the interrentbn of heat alone oannot ez«* 
plain all the detaib of the extraordinary modifications which rocks 
have undergone in different countries ; complex chemical actions have 
alio evidently contributed to the alteration of the primitive type. 

In some previous researches presented to the Academy* I paid 
attention principally to the reproduction of the minerals peculiar to 
the stniiiLi'V rous deposits and the reri]>rocal action of tlie vapours. 
'J'hi' nvw experiments, of which tiie }>re&eut uiemoir contains the 
results, fcturt from the eame theoretical idea, of which they extend 
the application to a series of crystalline rocks. 

When chloride of silicium in a state of vapour and at u red heat 
acts upon the baaea which enter into the eompoaition of rocks, it is 
deeouHKMed, fonnioff chloride of calcium and ailicio acid. Some- 
timea thia acid reauuns liree, aometimea it oombtnea with the exceaa 
of the baae and forma simple or complex silioatea. The moat remark* 
able point connected with this reaction in a chemical, and especially 
in a geological point of view, is that the silicic acid thus formed* and 
the silicates produced from it, have an extreme tendency to crystal- 
1i:^ation. The crystals are small, hut L^cnerally very distinct. It 
miJ--t be observed, moreover, that the crystallization of these com- 
pound- takes place at a temperature far below then point of fusion. 

Willi lime, majurnesia, alumina and e:lucina, cry^ial/i^rd qmrtz is 
obtained in tlie ordinary form of the pyranii(ial hexa^ouai i)rism, and 
a portion of the base passes into the state of silicate. In this manner 
the ailioate of lime oalled WoUaiUmUe ia obtained in the £>rm of 
diombic tablea« with two broad bevelled facea replacing the obtuse 
ang^, which ia the uaual torn of the natiyaerya^, Thaae tablaa 
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are often groaped perpendiculaily to each other, like the pxisms of 
Mtaitroiiie, In the eame way, wiUi magnesia, p^rtdoie U obtuned in 
rectangnlar pnsms. 

Alnmina ^ve« a «nicnte in elongated prism?, with oblique baaea* 
which arc not attacked by acid-, are infusible, and possess all tbe 
characters of disthcne. It is verr interestiner in this case to see 
chloride of aliirnlfiiiiin formed at the expense of the siliciunu 

To form u double or multiple silicate, it is necessary not only to 
mix the bases in snitable proportions, but also to famish the oxygen 
necessary for the formation of the silicic acid, by the addition of an 
excess of one of the basea or of lime. 

A mixture of lime and magnesia furnishes erybtals of dioptUe 
perfectly colourless and transparent ; they present the broad tnin- 
cation and the bevel usual with augite. Seven equivs. of potash 
or soda and one eqniv. of aluminn, crone equiv. of nikfili, one eqiiiv. 
of alumina, and six cquiv«. of lnuc, produce by the action of chloride 
of siliciiim, crystals in oblique pnsms with obtuse bevelraents, which 
are scarcely acted upon by acid?, and fuse before the blowpipe, pre- 
senting, in fact, all the characters of the feldspaths. 

By the same process, varying the proportions and the nature of 
iSie bases snbmitted to the chloride of silicinm, I obtained siKcatea 
presenting the crystallographie ciianicters of wiUemite, idoeme, gmr^ 
net, phenakite» emerald, eueUm and tircon. 

By mixing the elements corresponding with the compositionB 
recently given by Rammclsberg for the magnesian and ferromag^- 
nesian tourmalines, addinn- an excess of magnesia or lime to furnish 
oicvo:en to the silicium, 1 obtjiined in the midst of crystnl*; of quartz 
some very dir^linct hexagonal prisms, presenting in other respects 
all the external and chemical characters of tourmaline. 

Chloride of aluminium may be used in the same manner as chlo- 
ride of silicinm. When passed over lime at a red heat, it prodneea 
chloride of calcium and aluminium* in ciystals belonging to two 
types proper to connuftnn — the piism, and the acute double pyramid. 

The same reaction takes place with magnesia; and besides, in this 
latter case, a portion of tiie regen er a ted alumina may combine with 
the excess of magnesia, so m to produce spinel, recognizable by its 
crystals in regular octahedra truncated at the edge??. Nev ertheless 
it is preferable, in order to obtain Fi)inel, to gubmit a mixture of 
chlorides of aluminium and magnesium in contact with lime toared 
heat. With chlorides of xinc and alumiuium, we obtain zinciferous 
spinel or gahniie. 

Chloride of titanium conveyed over lime, f nmishea, along witli 
some other crystals which will be studied hereafter, oxide of titanium 
in the form of hraokUe. Oxide of tin, obtained in a similar manner, 
is in crystals of the same form as that which I had previously pro* 
duced by the action of aqueous vapour. Thus the rectangular pris- 
matic form is persistent for the acids of titanium and tin, produced 
bv the dprom]>ositicm of the chlorides of these metals, at tempera* 
tures iaduded between 572° and ledS"" F. 
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fij the reaction of percMoride of iron upon lime I have obtained 
buntite, ^ler in Tery distinct specular erystaUlike thote of Saint 
Ootfaard^or in tninsparent hexa^^onal laminn, presenting by refraction 
a ruby*red eolonr. Perehloride of iron mixed with chloride of zinc, 
Inimbhes, under the same conditions, a ciystalline compound analo* 
gom to JftrnkUnite. 

Lastly, crv^tallized mngriesia, or the periclase of La Somma, may 
easily be obtained by the reac tion of lime upon cliloride of magne- 
sium, which Is found amongst the abundant chlorinated vapours of 
the fumarolcs of Vesuvius. The same chloride, decomposed by 
aqueous vapour, also furnishes periclaBe, and chloride of zinc gives 
crystalline oxide of zinc. 

The results just described lead to geological consequences to which 
I can only re&r yery briefly in this place. I do not pretend to 
say that all the silicates composing the mass of the crystalline rocks 
are fonned by vapours* But even in the midst of the fused rocks of 
Vesuvius, a certain number of minerals, to which M. Scacchi has 
recently directed attention, are met with which appear to be pro- 
duct« of sublimation. 

Amongst the minerals of the oldest formation, there are many also 
which could not by fusion have lined the fissures in wliich they are 
nosv found so well isolated ; such are the diopside pyroxene, with 
garnet of Piedmont and the Ural, the adular fddspatbs and the peri* 
dine of the Alps» the epidotes and axinites of TOtsans, and many 
othcfs. 

The great richness of the crystalline limestones in minerals often 
foreign to the neighbouring rocks, cannot result entirely from the 
fact that the lime, by reacting upon the silica, has served for the 
formation of peculiar silicate*, \\niatever mi'^ht have been the 
original impurities of the limestones, corundum, spinel, perichise, or 
chondrodite could not have been produced in them without the sub- 
sequent introduction of foreiern chemical agents. 

Ail these various products of transport, — silicates, aluminates, 
oxides, and other combinations, formed either in fissures or in the 
midst of rocks now become very compact, are explained, it a])pears 
to me, in the most satis&ctory manner by the* intervention of chlo- 
rinated or floorated emanations. Besides, in tiie case of such vola- 
tile and penetrating compounds, there is nothing to oppose the idea 
that their action may have extended itself over spaces of considerable 
thickness from their centre of dipenp^agcraent, h« in the crystalline 
sc!n?to«e rocks of the Alps or of Ikuzii. Sometimes the substitution 
of the silicates thus formed has only been partial, ns in many of the 
crystdliae limestones, which remain as perpetual witnesses of the 
ancient ei^halations which have escaped from the neighbouring erup- 
tive rooks. Sometimes the attack has been more complete, and the 
primitive mass has even disappeared in the state of soluble chloride, 
just tike the water which^ has formed the specular iron ore of the 
Tolcanos. 

If we torn to the ciystalline ItmestoneB and dolomites most largely 
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furnishecl with minerals, such as those of Saint Gothard, Sweden, 
Finland, or the United States, we find that the introduction of chlo- 
rides, mixed with fluoriiies and eometimes with suljiliuretted com- 
pounds, accounts for tlie formation of their most characteristic 
nuueraiij. In this explanation we must include the rich deposits of 
red oxide of zinc with franklinite in New Jersey, as well as different 
mamei of specular Iron, and protoiidB of inn, whtoh hate alio been 
produoed in the limeatone. 

We find magnesian compoimds, anoh aaafdnd, ehondrodite, mica, 
pjrrdzene, amj^bole, warwickite, and aerpentine icctimqlatadi aome* 
times in Inrcre quantities, in limestones which contain no ma^esin. 
This fact, hitijerto unexplained, would only be a conscqiu nce of the 
different chemical aflinitie** of lime and magnesia, for througliout our 
experiments we see chioiide of magnesium })reeipitated l>y lime ; 
and when these buses are both in the presence of chloride ui ailicium 
or alnnuntttm, the lime yielda ita oxygen, and tlie nagneaia reinain«> 
ing in the atate of oxide enters by preferraoe into an ozidiaed com- 
hination with the regeneiated ailtoa or alumina. I1ie same principle 
explains the preaence of magnesia, with exduaion of Ume» in the 
protoxidized irons. Arc we to attribute to the same cause the prepon- 
derance of magneftia over lime in the elemenfea of granite and in aer* 
pentine ? 

The mode in \\ hich quarts, nnd the silicates are connected princi- 
pally With the gramte ruekb, has long been a dilxiculty in all the 
hypotheaea upon the fonnation of the atrata called primitive. Now 
we find in our experimenta that quarti cryataUiaea at the aame time, 
or even later than the aiUoatea, at a temperature aoaroely exceeding 
aeherry^red heat, and conaequently infinitely below ite pohit of fusion. 

Is not this also the cause which appears sometimes to protect 
quartz from the influence of the basic silicntes or of the alurainatcs, 
as in granite when it envelopes crystals ot cymophane instead of 
forming a double silicate, like emerald or euelase ? 

If mica still gives oil', by heat, huondes of silicium, boron or 
lithium, shall we ventore to affirm that the granitic paatea have not 
•lao originally contained cliloridea of ailicium, boron or alumininm ? 
Theae are deficient, it is true, amongst the vapours oottected in the 
present day in the neighbourhood of the apertures of voleanoa, where 
they are decomposed and precipitated by aqueous vapour in contact 
with the atmosphere, hut where they very probably contribute to the 
formation of the SI Ik ate, uhcady considered by the he^t observers 
as products of volatilization. Do we not also find chloiine in con- 
siderable quantity in certain masses, such as the zirconian syenite of 
Norway, and the rock of Ilmen (miascite), where this body is prin* 
dpally combined in slcelito, and where it appears to have carried 
with it slrconium, tantalinm, and all that iieriea of rare elements 
which bekmg to theae rocks ? 

It has never been shown that the presence of a certain quantity of 
water is an obstacle to such reactions at a high temperature, since we 
find ailioa and alumina separate, in an anhydrous state, from a watery 
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Mlatipa.at a tenpenture of 573^ to 752** F. And if hitherto the 
expennieiits have principally borne upOD the extreme conditiena of 
the different modes of formation, by the dry and humid way, a 
Bimilar effect produced in these extreme gtnte!?, such as quartz and 
corundum, may perhaps authorize us in concluding tliat it would 
also take place in the intennediate conditions. — Comptes Eendue, 
July 17, 1854«p. 13d. 



MSTEOHOJUMXCAL 0B81EVATI0NS I0& FSB. 1855. 

Chitwici. — Pebruarj- 1, Clear: overcast. 2. Drifting snow. 3. Hazy. 4. Dense 
fog : foggy throtighout. 5. Overcast : ilrizzly. 6. Snow-flakes : slight rain. 
7. Cloudy : clear and frosty. 8. Snowing : drifting snow : boisterous at night. 
9. Overeist : sbarp frost. 10. Clear and frosty : levere frost at night. 11. Ther- 
mometer within 1 degree of zero : cl^ar. 12. Overcast: clear nw\ rn]<\ : partially 
overcast. 13. Snowing: cloudy : clear : intense frost : thermometer at sero* 14. 
Clear and cold. lb. Snow-flakes : bright tun : frosty haze. 16. Snow^howert t 
Ofvercast. 1 7. Snowing, with cold wind : dear ; severe frost. 18. Frosty : hazy : 
severe frost at night. 19. Uniform haze : clear and frosty. 20. Clear and fros^. 
21. Overcast. 22. Hazy. 23. Overcast : snowing. 24. Fine. 25. Overcast. 
2S. Riin. 27« Foggy : nin. 28. Driadyt laigt hale loimd the aooa la Ibt 



cfenieg* 

Mean temperature of the month • .••«. 28^*01 

Mean temperature of Feb. 1854 37 '67 

Mean temperature of Feb. for the last tweiity-Dine years ... 39 '07 
Avenge amoont of rain in Fab* • IHMinch. 



Botton* — Feb. 1. Cloudy. 2. Fine. 3. Cloudy : rain and hail p.m. 4. Foggy : 
rain r.M. S. Foggy : rain a.m. 8, 7. Clondy t snow p.m. 8. Glondy t stonny p.m. 

9 — 11. Cloudy. 12 — 14. Fine. 15. Fine: snow a.m. IC. Fine: tbcrnioraeter 
early A.M. C-.V 17— 22. Fine. Cl^Midy. 2 1. Fine : snow a.m* 25. Cloudy, 
26. Cloudy: rain p.m. 27. Clondy. snow a.m. 28. Cloudy. 

Sandviek Mante^ Orkney. — Feb. 1. Damp a.m.: sleet-showers p.m. 2. Thaw, 
bright A.M. : clear, frost p.m. 3. Thaw, showers a.m. : damp f.m. 4. Thaw, 
damp A.II* ! showers F.if. A. Showers A«if. and p.m. 8. Sleet-^wars a.m. : 
clear p.m. 7. Clear, frost a.m. : snow-showers p.m. 8. Bright, frost v.m. : cloudy^ 
frost P.M. 9. Clear, frost a.m. : cloudy, frost p.m. 10. Cloudy a.m. and p.m. 
11. Snow-showers a.m. and p.m. 12. Snow-showers a.m.: snowing, aurora p.m. 
1 3 . Snow-drift A.ir. : ctear p.ii. 14. Snow, bright a.ii. : elfir, auron f.k. 15. 
Suow, bright a.m : cloudy p.m. 1G. Snow, bright a.m. : clear p.m. 17. ?^nn\v, 
thaw A.M. : elou^ p.m. 18. Snow, clear a.m. : dear p.m. ii^. Snow, dear a.m. : 
dondy p.ii. 10, 81. Snow, dear am, \ dear, anrora iM* 82. Snow, dear km, t 
Innar halo p.m. 23. Snow, cloudy a.m. : snow drift f.ii. 24. Snow drift a.ii» and 
P.M. 25. Snow, cloudy a.m. : snow, clear p.m. 26. Snow-showers a.m. : snow, 
dear p..m. 27. Snow, bright a.m. : snow clouds 28. Thaw a.m. : rain p.m. 

Mean temperature of Feb. fur twenty -eight previous years . 38'^*24 

Mea.i temperature of this month 31 *64 

Mean temperature of Feb. 1854 39 -22 

Avataga qnaatily of lain in Feb. for fonrteeirpierions yean 3-39 inches. 

The mean teropentnre of this month is lower than that of any month for the 
In -t twenty-eight years — the wliol<' period of observation — except Febrnaiy 1838, 
when it was 3r'31, and whea there was snow during all the month and for three 
wedcs pnTioosly. This month it lay fiem the 11th till the last dajt and tfaa drift 
on the 23rd and 24th formed high wreaths in many places^ rendtting the reads 
imoaissbla to vdiidaa. 
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XLVII. On the Interfennice of Light near a Caustic, ami the Pft/tf^ 
numena of the Rainbow. By Professor Potter, A.AI,* 

AT the meeting of the British Association for the Ad\^nce- 
ment of Science at Cambridge in 1888, 1 exhibited the 
experiment of the interference of light near a caustic^ which I 
bad a short time before diseovered when examining the circle of 
aberration of a spherical mirror for a reflecting mieroaoope. This 
code of aberration was formed by using a luminous pointy which 
was an image of the sun given by a small globule of mercury, 
for an object of which the imap:e produced by the spherical 
mirror was to be examined. In place of the circle of abcn atiou 
bcinp^ a disc brightest at the edge and siIkuIihl'" nwav L'ladually 
tinvards the centre, as we should < \}H rt iioin l^^lo metrical optics, 
it appeared a raagniticent phajnonicnon ot the interference of 
li?bt, cousifituig of brilliant and black rings coloured on their 
edges. 

The outer rinp:, instead of being brightest at lU outer edge,* 
as we should have expected froni the undulatory theory, since 
the rays liad travelled over equal spaces, shaded away gradually. 
I concluded thul I had fallen upon a continnulioii of what I had 
before found in experiments with the two minors slightly m- 
clined, namely, that the central band of interference, where the 
rays have trareUed over equal distances, was in normal circum- 
stances a hlaek band and not a brijfht one, as it bad been aiserted 
to be by tbe late M. Aragof and Ftofenor Aiiy]:^ in acoordanoe 
witb the nndnlatory theory of light* 

* Ck>miuunicate<l by the Author. 

t See AmoUm de CAImm «f d» Pkynque for 1819, vol. xi. p. 12. 
% TMantfaeUBdidatoiyThcoiyofOptks>artides61a^ 

PkiL Mag. S. 4. Vol 9. No. 60. Mojf 1855. Y 
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"\^Tin8t an undergraduate at Ciunbruige, on studyiog the 
% theory of the rainbow I found that it belonged to the same class 
of interferences near a caustic, and was not aware, until informed 
by Professor AMiewell, that Ur. Youn<^ had aitjilicd the principle 
of ray interference to explain the oeeiirrence of sujm t liuinerary 
rainbows seen frequently within the pnnuuy ij(*\v, and some- 
times exterior to the secuiRlary bow, of which the jNewLouian 
theory of the rainbow ftimishcs no account. 

In a paper published in ¥ol. vi. p. 140 of the Cambridge 
^^nmsaetionsj I have flhown the neoesiity of the doctrine of inter- 
ference to soWe the phsenomena, and have traced the caustic for 
the primary bow* At the time of writing that paper in 1835^ 
1 had not entered into any adequate examination of the point 
whether the rainbow occurred at or within the caustic, but did 
so soon afterwards, and I urged that it was found within the 
caustic in a discussion in the Cambridge Philosophical Society 
in the spring of 1836. In the Philosophical Magazine for July 
1838 will be found the calculations on which this conchision 
was founded, showing that there waa darkness at the place for^ 
merly attributed to the rainbow. 

This has been fully confirmed by M. Bravais* in numeroua 
measures of the radii of fog-bows, which he found to be less 
than calculated for the rainbow, and to vary from 34"^ to 42^. 
Not being aware that the primary rainbow was also witliin its 
calculated place, he supposed that fop:-h(tw? required the fx cur- 
rence of vesicular vapour for their format um. The existence of 
any such vapour has not, however, been demonstrated, and is 
generally disbelieved. 11 is arirunients from the absjuce of 
colour in the fog-bow, or arc-en-ciel blanc, are not of any wt ight 
as to its origin being different from that of the rainbow^ for I 
believe the outer edge i5 always tinged with red. 

Mr. Airy, the Astroncmicr Royal, has given an investigation 
in vol. vi. p. 379 of the Cambridge Transactions, of the intensity 
of light near a caustic, by employing M. Fresnel's principle, that 
each point in the iront of a wave may be considered as the origin 
of a new wave, and the intensity at any given pdmi is the resuJt* 
ing intensity from the suriSm of the wave in any of its prerioua 
positions considered as made up of such origins. This method 
of discnssipg interferences^ wmch fails in so many cases when 
examined with impartial eyes, gave the majdmum intensity of 
the primary bow to be within the caustic, but that the bright- 
ness was still nearly half the maximum at the place of the caustic, 
and that the light extended on its outside^ shading gradually to 
darkness at an indefinite distance. 

The measures before referred to were a sufficient guarantee 
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that this solatioii did not npreaent the nafcanl phmimeiHi, 
fWenor Miller^ however, undertook an experimental examina- 
tion of the analogous phsenomena, in M. Babinct^s experiment, 
in whidi th^ are obaervtd in a small eyhndrieal vertical stream 
of water, and he has published a paper in vol. vii. of the Cam- 
bridge Transactions, detailing the measures of some of the results. 
Ue fcond the light to extend outside the calculated place of the 
caastic, in accordance with Mr. Airy's investigation, and that 
the dark bars or minima near the caustic were nearly in the rela- 
tive placps as! [riven by that investitration ; }mt he lin's; not given 
the places of the hrir/hf bars or maritna^ which I hnd do UOt 
agree with their calculated places. 

At that time I conimenced a repetition of these experiments, 
and found like results with Professor Miller as to light extend- 
ing outside the caustic. I found, however, as will be seen below, 
that the light extended further and further outside it as tiie 
velocity of the stream was greater. The discrepancy between 
these rcsulu^ and those from the natural phicnomeria evidently 
arose from the rcfracti\ e index being slightly different, and a 
httle less for water falling in such a stream and abont to break 
into drops, from that for still water* 

I did not at that time think of any method of eiperimenting 
with water at rest, which I now find is so easy to be employed, 
hut 1 prepared a prism and small cylinder of plate-glass ; the ' 
prism served to determine the refractive indices of the rays to be 
need, and the cylinder gave the irises in position in accordance 
with those from the natural phsenomena of the rainbow, and not 
in accordance with those from the running stream. The expe- 
rimenta extended to within a few days of my leaving Cambridge 
to commence the duties of my Frofessorshi}) at University Col* 
kfge* They have been only resumed lately in eonseqnenoe of 
my arriving at this part of physical optics in a genenu investi- 
gation of tne whole science, which I hope before much longer 
time has elapsed to lay before the scientific public in a continnoua 
treatise. 

Tlie following were obtained in Queens' College, Cambnil^re. 
A heliostat reflected the sun's light through a narrow vertical 
aperture, which falling at a distance of about 5 feet on a fine 
Munich prism with its edge vertical, furnished a very pure pris- 
matic beam of light. Of this beam the rays from orange to 
azure were reflected at right angles by a plane metallic mirror 
across one rootu and into another which was dark, and there fell 
at about 4i feet from the prism on the small vertical stream of 
water. This stream of water was dii-ectly over the centre of the 
circle of an ex(%liently divided protractor, which, being laid 
horiiontal, imd on thn ami which carried the verniers a support 

Y2 
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for a nnall teleaoope, of length 4| inehes, whieh magnified 
rather more than twice^ and adjusted to ahow distant objecta 
distinctly. It had micrometer lines at the common foens of tho 
object and eyc-gluases crossed at an angle of about 35°, the 
bisection of which was vertical. The image to be viewed in the 
tdesoope was brought to the bisection of this angle, and the 
measures were taken from the iris on one side of the perpendi- 
cnlar ray to that on the opposite side uf it ; the aUgle traversed 
being divided by two, gave the distance from the perpendicolar 
ray for each iris. 

On the 17th of September, 1841, in two good experimenta 
with green light for the fixed line tlie extreme visible light waa 
found to extend to 42^ in one experiment, and to 42 21' in 
the other, from the ray falling perpendicularly on the stream ; 
and the calculated place of the primarj^ rainbow, if it were at the 
caustic, for this colour is 41^ 40, therefore light was seen 41' 
beyond the caustic. 

In two expcfliiKMits with oranp^ti light, fixed line the extreme 
visible light was found to extend to 42° 41' in one, and 42° 581' 
in the other from the normal ray. The caU ulatiou for the 
caustic gives 42° 2' nearly^ and hence the light was seen dd' and 
outside the caustic. 

Another expet iuient with yellow green light between the lines 
D and E gave a distance 42° 33 J', to which the light could be 
traced. Measures of the tirst six maxiiiia or bright bars were 
taken, and though probably correct, yet on returning to the first 
maximum for verification some derangement had occurredj so 
that no ari^uuu-iit can be taken from them to have weight. 

The stream was formed in passini^ through a small circular 
aperiurc of ^V^^ '*^^^ mch diameter, in a brass nozle on a pi]se 
furnished with a stopcock, which acted as a siphon tioni aa 
elevated ])neumatic trough, so that ihc velocity of the btrcam 
cuLilil be regulated by the stopcock. 

On October 2, I tried the effect of different velocities on the 
position of the bars, and found with green light, when the inter- * 
ference bars were most distinct, the extreme visible light extended 
to a reading on the circle of 269° 9', and when the velocity was 
greater, it extended to a reading of 267^ Sd* ; and from the nature 
of the rewling, the light extended to 1^ 84^ further beyond the 
canstie in the latter than in the former case* In another trial 
with green light and the bars most distinet, the eitrane visible 
Ug^t gave a reading of 4f ; bat wtih a greater vdodty and 
the bars still visiblej the reading was 267** or the difference 
wasl^48^» When the foil stream was allowed to ron^ the ezfeNOM 
1i|^t extmded stOl further, bat the bars wm not seen. 

These experimentay eoa]ded wiih the mcasares of the naftnnd 
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rainbow, lead us to conclude, that if the cylinder of water bad 
been at rest, the extreme visible light might not have extended 
even up to the caustic. 

In resuming the experiments lately, I lli?e had as a reaemir 
for the water, a common glass bottle witb 
tbe bottom Iwokoi off^ aa in tbe figure : a 
glasa tube drawn witb tbe blowpipe to a 
fine tapering apertnre paased tbron^b tbe * 
eork in ita necK. Wben tbe water m tbe 
reaeiToir vaa at aome beigbt, BBab, and 
tbe atieam e d was formed, it waa received 
m a catch -tabe, as in the figure^ and led 
away. The part o( c d which appeared 
cylindrical and without ripples^either from 
the lower end falling on the catch-tube^ 
or from ita breaking into drop<t, was ad- 
justed 80 as to be over the centre of the 
horizontal protractor, and level with the axis of the telescope, 
carried on the arm of the vernier, before mentioned. The stream 
of wntrr, where used, was vrrv nearly jjyth of an inch dirinieter, 
and its distance trcHii the narrow slit of -j-^^dth of an nich br( adth 
between metallic edges, through which the snn^s lit^ht was re- 
Hcctcd by a mirror of a solar microscope iixed m the shutter of 
a dark room, was 22 feet. 

Preliminary' measurch on the 5th of April last crave the distance 
from the perpendicular ray, to which the extreme red extended 
for the prunHiy ii is, \\ ith the height of the surface of the WRter 
in the reservoir 4,] mclies above the aperture, equal to 43" JiG' j 
and With a h«;ight of water 7^ inches, equal to 43^ SCy. 

^lien the side of the tube had been oiled and the water had 
ceased running out^ a drop waa obtained hanging firom tbe end 
of tbe tubCj wbcn readtnga for tbe extreme red were taken, wbicb 
gave in one experiment tbe distance from tbe normal ray V, 
and in anotber 4P 51^'. Calculating witb tbe refractive index 
cl tbe fixed ray tbe radius of tbe pnmary bow, if at tbe caustic, 
n4St!*2iff. So that witb tbe MT^/ t«rMm tbe ligbt ia visible 
outside the caustic, and witb tbe ttaiumary dnp it does not 
extend to it. 

With the adjustmenta more perfect, I obtained on tbe 7tb of 
April as follows : — 

Witb incbea water pressure tbe angle waa 43 
Witb average 7^ inebea 48 17 

••• 48 

84f ... ... 43 



... 




i conclude that witb this fine aperture tbe difierence of tbe 
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prasores prodooes a slight but aenBible effect upoo the diatanoe * 
to which the light extends beyond the caustic. 

The aide of the tube being oiled, with a little care In adding 
amall quantities of water after the stream had cesaed to run, 1 
obtained on the 10th of April a good drop at the extremity of 
the tube, which remained perfect to the end of the experimenta. 
The drop obtained in thia manner ia larger than one would widi, 
but the telescope being carefully adjusted to distant objects, or 
for parallel rays, and the observations being always taken at the 
centre of the field of view, there is no correction of the obsenra- 
tions required on that account. The iris being steady, waa much 
better seen than in the running stream, and the maxima or 
bright bara were coiinted to upwards of forty when a piece of 
red glass was held before the eye. 

The drop bein^ -^th of an inch in diameter, and the other 
eireumstances as in the last experiments, the following measures 
were obtained for the limit b^nd which no light could be die- 
cenied, from the perpendicular ray : — 

42 2i 
42 23| 
42 24 
42. 21 

A good set of measures of the places; of the first six maxima 
were also obtained, whosn distances, counted from the caustic, 
approximiited in progression to those of Newton*^ reflected nnrrs, 
counting from a black centre as ordinarily considered, namely 

th^ approximated to the progression of the values of 1, v^3» 

4/5, \/7, &c. 

As the extreme limit of the visible red was taken, it is clear 

that since the asymptote of the caustic or place ordinarily 
assigned to the primary rainbow, for the fixed Ime B is 42^ 22' 
from the perpendicular ray, therefore no light extends beyond 
this and that the rays which have traversed ctjual spaces pro- 
duce darkness in interfering, contrary to the fundamental require- 
ment of the iindidriton' theory. 

The support winch tluit theory has so lonp: had, from experi- 
ments made with runnmg water compared with calculations for 
still water, must now cease. 

LuaduQ, April 13, 1B55. 
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XLVIIL Optical.IUaeatekei. By A. J. Anostbom*. 

[Witb a Plate.] 

1, ^I^HE dispersion, abs tr])tion, and dilfiision of light, are 
JL efTects, the complete solution of which, it may be 
assumed, is still \ai-y distant from us. Thus the explanation 
giveji l>y Caiichy, in conformity with the notions of Fresnel, 
that the sphere of attraction of tlie moleeides is conij)arablc in 
magnitude with the length of undulation, lias not yet been 
applied to doubly refracting bodies; and so far as Cauchy's 
theory has reference to isophanons bodies it also needs comple- 
tioD, inasmuch as the action of the medinm itsdf is not taken 
into account. Further, as regards the phsenomena of absorp* 
tion, there is certainly no Isck of explanations, but the difficulty 
is to apply them in each particular case ; and, as several causes 
work together, to appropriate to each its due proportion in the 
production of the phenomena to be explained. The grounds 
more particularly referred to in the explanation of the absorption 
and diffusion of light, are the following: — 

«. An unsymmetrical distribution of the molecules of the 
medium, the consequence of which is, that in the differential 
equations for the motion, differential coefficients of an uneven 
degree arc intruduced. As far as I know, this cause was first 
assigned by Cauchy in a letter to Libri. 

h. The principle adduced by Eulcr in his Thcoria Luciff H 
Cnhrri^, ar^'ordiri^ to which the colour of a body is produced by 
the resonance of the oscillations, which can be assumed by the 
particles themselves. 

c. The interference of light. On this principle Newton is 
known to have based his celebrated theory of colours, which 
was further expanded by Biot in the spirit of the theory of 
emission. M. von Wrede was the first to apply it in the sense 
of the theory of undulation, by showing tliat tlic phsenomena, in 
the case of absorption by gases, &c., might be referred with cajic 
to the principle of interierence. 

Now with regard to the first of the three pounds of explana- 
tion, it alone is by no means sufficient to explain the phenomena 
of colours. That in general the opacity of bodies might be 
referred to it as a cause is easy to discern; but it does not 
explain why a certain colour, to the ezdnsion of all others, is 
produced. 

The principle of Euler also explains, not so much the colour 
whUk a body actually exhibits, as ViaXwhich it is unable to assume, 
because most of the osdllatoiy motions which bodies assume in 

* ifrom Poggeodorff*! Anmakm, vol. xciv. p. 141. 
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consequence of absorption, make no impression on our 
of sight, but generally faU in the domaui of feeling. 

If therefore the coumrB of bodies are to be explained by 
nance;, this property most also be ascribed to the «ther^ and thus 
we arriye with ease at the third of the prmciples referred to, 
namdj to that of interference* 

2. ft la necessary to distingvish strictly the absorption of 
light frcHn its diflfusion. Bo(£, indeed, prodnee the conunon 
result of weakening the passing rays; but they differ from each 
other essentiaUy in the dreomstance, that the diffused light pos- 
sesses the same properties as the incident light; the absorbed 
portion, on the contrary, exhibits itself as heat, or as a chemical 
agent; in other words, in the former case the time of oscillatioii 
is unchanged, but in the latter thia is not the case. This is an 
essential distinction, which has not ilways been borne in mind 
In optical investigations, although Melloni proved it long ago in 
the case of heat. That the diffused light possesses the same 
properties as the incident light is most enaent from the fact 
that the lines of Fraunhofer, in the solar spectnim, are also ex- 
hibited by the light of the planets, and by all bodies illuminated 
by the sun. This is not disproved by the newest investigations 
of Stokes, in which he seeks to show, that, in the case of absorbed 
light, the time of vibration is altered, because the facts there 
brought forward belong to the latter class. 

Diffused light must therefore, according to the foregoing, be 
produced by modifications of the undulatory motion of the aether 
itself, while absorbed light is transfciTcd to the molecules of the 
body. These arc thrrehv moved from tlu ir positions of C(juili- 
1)1111 111 and thrown into vibrations, which vary with the peculiar 
charactcnstics of the body. It is, however, to be well borne m 
mind, that a medium absorbs, not only thoue vibrations which it 
most readiJy assumes, but also those which occupy a simple rela- 
tion to its own time of vibration, siu li as the octave, third, &c. 
As bodies in general are not luminous, it follows that the ab- 
sorhcd light must escape tiie cognizance of the eye. 

Tliut Lhis, however, is not always the case, is proved by Brew- 
stei rem/irkable discovery in the case of the alcoholic solution of 
the green colouring matter of leaves. When a beam of light ia 
transmitted through such a medium, the hquid in the path of 
the beam is coloured blood-red by uni>olarized light. This pha;- 
nomenon, to which Brewster lius iLjijtlied the name of inner 
dispersion, furnishes a maiulcbt prool' that the absorbed light does 
not always pass to oscillating scries of a lower oriler. The so- 
called epipolarized rays of llcrschcl belong to the ordinary case, 
in which the absorbed light reappears as heat, to the extent 
that here it is chemical rays which arc absorbed, and which^ 
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according to Stokes^ produce the luminous effects discovered by 
Uerschel. 

3. Now, as according to the fundamental principle of Enler^ 
a body absofba all the series of oscillations which it can itself* 
sssome^ it follows from this that the same hody^ when heated so 
as to beoome luminous^ must emit the preciM rars which, at its 
ordinary temperatare, is absorbed* The proof of the eonectnesa 
ef this proposition is^ howerer, surrounded with great difficulties ; . 
for the eondition of the heated body, as regards elasticity, is 
altogether diffisfent from the state in which the light is supposed 
to be absorbed* An indirect proof of the truth of the propoai- 
tiou is furnished by the connexion, discovered by M. Ni^pce de 
Saint l^etor, between the colour imparted by a body to the flame 
of alcohol, and that developed bv light upon a disc of silver 
which has been chloiinised by the body under consideration. As 
the disc of silver, treated with chlorine done, assumes all the 
tints of the solar spectnim, and, when treated at the same time 
with a colouring body, exhibits slmost exclusively the colour of 
the latter, this cannot occur otherwise than by the exclusive ab- 
sorption on the part of the so-prepared silver disc of the precise 
tint which belongs to the colouring body. 

4. One of the most convenient and most practicable means of 
studying a glowiog body is presented by the electric spark* 
although the body in this case is probably in the gaseous con- 
ditiim. I have therefore behoved that an investigation of the 
ipectra obtained from electric sparks drawn from different metals 
would not be without interest for the theory of light. The sub- 
ject has been already treated by Wollaston, Fraunhofcr, Wheat- 
stone, and lastly by Manson, in a memoir in the Annales de 
Chimie et de Physique, 1851. Masson has also measured the 
clectnc sprctra of various metals, and has drawn them by means 
of the Camera lucida. NcvirthcU'ss I venture to hope that the 
present investicration will not be deemed superlliious, when the 
results obtamed by me are compared with those obtained by my 
predecessors. 

I have found that the spectrum of the electric spark must 
really be reprarded as cocsistinp: of two distmct s])ectra; one of 
which belongs to the ga;* througli which the spark passes, 
and the other to the metai or the body which forms the con- 
ductor. 

The electric spectrum is traversed, — 1. By a maititude of 
hraiinous lines, comparable in number and distribution with the 
hues of Frauiihofer in the solar spectrum. These lines are the 
same for all metals, but vary in iniensity with tlie strength of 
the condenser, and the gic^atcr or less humidity of the air. 
The natui'e ol tht; coiiductoi' liucb nut a^j^car to exercise any 
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other influence than that some of its own lines lender^ by their 
brightness^ some of the others less perceptible. 

2. By shining lines peenliar to eadi metal. These lines are 
* easily distingoidhed from the forcing by the ftcty tfaot irhen 
the condenser is not altogether too strong, and eonaeqnently tbe 
charge too feeble^ they , do not form complete traasferse lines, 
but appear to proceed from both edgea of the prism, and to be 
extingoisbed before tbej leadi the centre. Tbey are no leaa 
dtsdngnished from the former lines by their brighter light, and 
aeem, aa it wer^ to stand forth against the dull ground on wbidi 
tbe said lines are drawn in nndiminiabed intensity throng eaidi 
pomt of the transierse sectkm. Una predominatiag biigbtneaay 
narticalarly with strong diargea, is doabtlesa the reason why 
Masson, in all the spectra which be has drawn, baa not found 
more than four lines identical. 

To explain the production of the first spectrum, I assume witk 
lisraday and Manon that the electric spark ia produced by a 
cnnent which propagates itself across, and by means of, ponde- 
rable matter, which it heats in the same manner, and according 
to the same laws, as a voltaic current heats a metallic wire. The 
other spectrum, on the contrary, is produced by the heating and 
disperaion of the particles of the conductor whidi proceed simul* 
taneoQsly from both tbe poles, but on the way ioae both their 
temperature and their luminous pn^ieitittt. 

Among the constant lines there are two which were observed 
by Fraunhofer, and which exceed the others in brightness, 
namely, a double line in the yellow and one in the green light. 
In Masson's discovery, and also here in fig. 1, Plate 11., they are 
denoted by 7 and 8*. It is possible that these two line-^ are 
sometimes eommon to both spectra, and that their brightness is 
thus increased; I will not venture to deny this. In the case of 
bismuth, at least, tliis is the case with the line y. 

To render the comparison between the solar spectrum and 
that of the electric spark more evident, I have drawn both of 
them, side by side, in fig. 1. Both drawings arc made from 
nature, an angle of one minute embracing a millimetre and a 
half of the drawings. The difference between the spectra is, that 
to form a correct notion of the upper or electric spectrum, the 
black lines must be regarded as luminous ones; luminous with 
the colour which corresponds to their position in the spectrum. 
For these observations, a flint-glass prism of Mer2, with a refract- 
ing angle of 4G^ 3 1' 57", was made use of. 
' The observations on which the drawing of the electric spec- 

* In Ma88on*8 memoir, however, the line 5 for antlraony is incorrectly 
given ; in Hke manner the line ^, which is in ceneml veij' weak, if in the 
caae of copper coufounded with the line which 1 call D. 
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tram is based are coutaiiied in the followino^ table. It is to be 
remarked, tiiat the measurements for the different nictals were 
not dcteri l iiii d at once, but that the prism was so fixed for each 
icfiai that the line D gave the minimum of deflection*. 
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In order to calculate the indicc«« of refraction, and from 
theui I lie wave-lennrths which correspond to the principal lines 
of the spectrum, I have measured the absolute deflections of 
some of them ; two sphere of zinc served as conductors. 
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241 26 5 
• • • • • • 20 

... 10 55 
... 17 6 
240 56 16 
40 
46 80 




••• 40 

1.1 28 50^ 810 8 65 



As3a 50 45 

A=s84 0 48 

A«84 21 22 

Asa4 30 50 
Asd4 52 45 



The observations for the position h of the ])rism were made 
between the double readings which correspond to the other 

position a. 

Two corresponding readings gave for the lines of i'raunhofer, 
D and b, of the solar spectruni, 

B . . . . A=8^ 51 4& 
h . . . . A884 21 57 



k cSi«iMfaiM wliieh interferes with the aeeuney of the meavurements 
is due to the ftwfc that Hie qparkR do not always spring from the same ])oiut. 
Tbi«; may be prevented by eoating the balls with a la\ rr of ^vnx. The first 
^Nurk bunU the coating, and all the tuccetding ones foUuw m its path. 
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tbat is to sa^j Talaes wluch are nearly equal to tlioaeof D and E 
in the dectne spectnim. 

A direct experiment nevertheleBa sbsved tliat I) in tiie electric 
■pectnim does not completely coincide with the Tivid yellow line 
formed in the spectrum of the flame of alcohol, but Uea some- 
what uearer to the red. The ydlow line coincides with the line 
to the left of D which is common to all the uetalSi and whieh 
X have denoted by n in Bg* 2, Plate II. 

5. When the solar spectrum is compared with the electric 
one, it is found tli it some of the bnes, snch as C, D, E, G, and 
we may also say H, have their corresponding lines in the solar 
spectrum ; but for the strongest, 7 and this is not the caae. 

A complete correspondence, however, between the solar and 
the electric spectnim is the less to be expected, as the lines in 
the former, as is generally assumed, are not only due to the 
action of the atmosphere, but also to be referred to the action of 
the sun itself. For the present we are not in a position to aepi^ 
rate the two systems of lines firom each other, although Brew<^ 
sterns numerous researches on the peculiar influence of the atmo- 
sphere have furnished interesting results. Thus the atmosphere 
produces dark lines on the violet side of C, and on the red side 
of T) ; in like manner is produeed, on the other side of i),a wide 
band, possibly m the ncijrhboiirhood of y, &c. 

Miller states that during an approachine: tli a ruler- storm he 
has seen dark lines between D and C, but nearer to D, which 
would seem to coincide with the line y. In Broeh's drawing of 
the solar spectrum, taken as the sun was near rising or setting, 
a dark zone also occurs near D, although the distance from D 
appears to be smaller than that between 7 and D. Between P 
and G is a dark lunv, svhich possibly corresponds to the line F 
in the electric spectrum. 

The analofry between tlie two spectra may, however, be more 
or less complete when abstraction is made from all the minuter 
details. Regarded as a whole, they produce the impression that 
one of them is a reversion of the other. I am therefore con- 
vinced that the cxjilauation of the dark lines in the solar spec- 
trum embiaces that of the luminous lines m the electric spectrum, 
whether this explanation be ba^ed upon the interference of light, 
or the propertv of the air to take up only certain series of oscil- 
lations. The first view has only one difficulty, and that is to 
explain how the different retardations, which are necessary for 
the effect, are produced ; this will be the more difficult for the 
electric spectrumi inasmuch aa all these retardations must ocoor 
in the inconsiderable mass of air which is in direct omtact with 
the deetne current* 

& In fig. 8 I have given a sketch of the principal liaea 
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wludi esbibit tJiemselves in spectra of diffeient metals. Thai 
hj the use of stronger chargesiy particularly with the metals 
Wnich melt at high temperatures^ such as platimmi and iron, 
other lines may appeari is probable ; I believe^ however, that I hxwe 
omitted none of the more important ones. The simple inspec* 
tion of the figure shows, however, a great r^^okrity in the distri- 
bution of the lines ; slso^ in the case of smne metals, a certain 
tendency to appear in groups. In this manner they show them- 
selves with lead, particularly in the yellow and blue-violet field ; 
with zinc in the red nm\ hhic ; with bismuth several distinct 
groups lire formed. lo general, with t lie more fusible metals 
the lines seem to sjirciid themselves more. With niorcui v ;md 
lead the toiiL^cst go into violet. It is sinprular that ^o\d and 
silver ha\c a eoinmon line in green; but besides this, silver has 
a few comiaou with mercury. 

To all the metals the line n is common; also the line m in 
red, althouerh in consequence of its feebleness it is difficult to 
dttermine its position with accuracy, seems to be common to all; 
with mercury^ however, I did not sec it. Coal gave no Imes^ 
eauept those which were to be found in all spectra. 

7. Wheatatmie baa observed that wben the poles are fonned 
of different metals, the spectrum containa the Imes of both. It 
waa therafofe interesting to examine whether a eompoand of the 
same metals, particularly a chemical one^ would also exhibit the 
lines of bodi metals, or distinguish itself by the exhibition 
new lines. The first waa "found to be the ease* The only cUffer* 
ence observed was, that certain lines were absent, or showed 
tliemselves with greater difficulty; but when they appeared, it 
was always at the same places corresponding to the single metals. 
It ia easy to convince oneself of this when one poleia formed, for 
example, of Sn^Pb, From the side of the spectrum which cor- 
responds to the chemical compound, lines proceed which belong 
to Doth metals, and the position of these lines may be controled 
by making use of both metals successively for the opposite pole. 

If the metals are combined in other proportions, no difference 
appears. With ZnSn the lines Iti blue were displaced a little 
towards the violet, but very ineonsiderabiy. This result is so 
far of interest for the theory, as it shows that the particles of 
both luctals are not united in particular groups, but that each 
forms distinct centres of oscillation, 

8. It does not seem that the lines peculiar to each metal in the 
electric spectrum can be due to interference. By interference 
lines of sharp outline cannot be produced except when they lie 
very near each other, otherwise they spread themselves over a 
larger portion of the spectrum. Through the union of unequal 
tetttdaoiinsj gnmpa as fine lines may certainly bejformed, but 
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not well isolated lines. What pronounces particularly against 

the assumption referred to, is the fact tliat these luminous lines 
seem to proceed from the edge of the prism, and to lose them- 
sclvPH in the centre, wliile the ground on which they exhibit them- 
selves dne?^ not appear to be in the sliirhtest degrer rlmTTjrefL 

In the same manner as we assume that the alnio-t liouiuge- 
neous hirht emitted by a liame of alcohol is due to the fact that 
its oscillations belong ahnost exclusively to the yellow light, 
although n tiace of luuiiuous lines appears on the rest of the 
spectruui aUo, we seem, on the other hand, to be forced to a^^suuie 
that the bright hues belonging to a metal in the electric spec- 
trum, the number of which increases with the strength of the 
deetricity, correspond to the vibrations of the metal in the 
gftteouB oondition. 

9. In oonnexicm with the foregoing, I will here mentkm tat 
oluenratioii whidi I have made on the flame of a lolatioa of 
iodine in alcohol. The aleohol flame alone gim a speetmm 
shown in the following figoxe:^ 

b e d a 



whcfe a denotes the vivid yellow line, b a weaker one in the 
extreme blue^ and e and d traces of two other lines. The solu- 
tion of iodine produces, on both sides of d, several bright lines 
with equal intervals; their distance apart amounts to about l(y. 
Twice, when the Wick was furnished with iodine, T saw dark 
bands formed between b and c, which appeared to be at about 
the same distance from each other. The pha nomenon seems to 
be the i^auie as in the case of theabsorpti(ui by iodine ; the bands 
were not sharply dehued, but resembled real hands of inter- 
ference. 

10. T\\v study of the spectra of the electric spark, it seems to 
me, can also contribute to the >(>liitiuii ot a c|uestion equally in- 
teresting to both astronomy and optics. Doppler has endea- 
voured to explain the colour of the double stars by the assump- 
tion that the velocity of a body haa an influence upon itaeolonr. 
On the othor hand^ Petsval^ in a disoonne befinre the Academy 
of Scieneea in Vienna, haa proved analvtinlly that the motion 
of a medium can haye no influence on the time of oacillation, on 
which alone the eobur depends. Although this proposition ta 
probable in itae]f^ atill a practical proof of it ia not, I thudc, 
without interest* 

From VHieatBtone'a reseavchea on the velMity of electiicity. 
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ve know, not indeed the actnal vdodtjr of the spark/bat at lent 
a limit vidne, tinder whieh it cannot fidf. He found that a sparkj 
4 indies in length, passed in a less time than the millionth part 
ef a seeond. But a stream of light 6 feet long, in a glass tube 
partiatty exhausted, showed itself also unchanged in the rotating 
aurror ; wsoA as, according to Masson, the spark cannot otherwise 
propagate itself m vacuo than by the particles from the polea 
themselves, it would follow that at least 3 feet were passed 
over in less than the millionth part of a second. This g^ives a 
velocity which in all probability far surpasses that ol' the double 
stars. 

Now, it ;i sj)arlv !)(■ p{ rniitted to pass in an o])li(|uc direction, 
accordino^ to Do])])^ I's theory the ciiloui' of the particles which 
stream out iVrun one oi the poles liiusl be different from that of 
the particles wliich stream from the {)thrr ; the more so, as they 
more in opposite directions, the velocity above mentioned being 
til lis doubled as regards the production of the colour. Such a 
difference, however, is not observed. The brifjht lines corrcsjwnd 
to each other perfectly as before. Hence, from both practical 
said theoreticBl grounds, we are justified in concluding, tliat time 
of oseilktian and eokmr are independent of the velocity of the 
medinm from whieh the light emanates. 

11. In the for^g<Hng pages I have shown that the spectrum 
of the eleetnc spark is r^ly to be regarded as an overlapping of 
two spectra, one of whidi belongs to the metal, and the other to 
the air through which the qiark passes. From this it necessarily 
fcUows, that when the qparkpaasea through a gas difleientfrom 
atmospheric air, the spectrum must exhibit a corresponding 
altetattoQ. Partly to ascertain the nature of this alteration, and 
partly to place the fact of a superposition of an air and metal 
spectrum beyond all doubt, I have observed the phenomena 
exhibited by the electric spark in different gases. Thr rrnses which, 
up to the present time, I have had an opportunity of examining 
are, — oxygen, carbonic acid, nitric oxide, hydrogen, carburetted 
hydroi^rn nnd n\tmv:cn. As the results obtained appear to me 
to he nt)t w ithout interest, I take the hberty of adchng them to 
the foregoing. 

The apparatus made use of in these observations is shown in 
fig. 4. It consists of a glass tube and two brass caps, the whole 
forming a closed cylinder, in which the electric spark passes 
betucca the two spheres of brass a and a. One of the brass 
balls can be raised or depressed by means of a screw. The tube 
b serves for the introduction uf the gas, which then issues thruui:]i 
a hole in the opposite end of the cylinder. To ensure that the 
cylinder contamed no atmospheric air, the gas was generally 
permitted to stream for an hour through the vessel before the 
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observationa began. I made use of the same ffi&t-glass priam 

as before, so that the results obtained, strictly speakix^, are only 
Talid for those kinda of light for whidi the flint-glass is duqiluu* 
nous. This is the more necessary to be mentioned here, aa it is 
easy to forget hoir mneh glass in general abaorba the extreme 
ends of the apectrum. I moat also mention that the gases made 
nae <^ were not perfectly pure, although I do not believe that an 
erroneous result could be produced by the impurity present; 
the reader will be able to infer thia from the statement of the 
manner in which the gases were prepared. 

12. Oxygen, — The gas was obtained from chlorate of potaah^ 
and was introduced directly into the apparatus. The spectrum 
obtaine d in this instance is shcnni at O, fig. 3. If this spectrum 
be compared with that of tlie atmosphere^ it is seen, — 1st, that 
the strongest lines of the air spectrum, which in fii^. 1 are de- 
noted by 7, S, D, E, have disappeared ; and 2nd, that the bhie 
and violet lield exhibit new lines which do not appear in the 
other case. 

W ith regard, further, to the metal lines in the case of copper 
and zmc, they were almost imperceptible at the end of the expe- 
ruiient. This was particularly the case with the zinc in the blue 
field. From this it seems that we may conclude, that tlie brisrht 
lines corresponding to the metal are not pi*oduced by the oxida- 
tion of tJie latter, for if this were the case, they must show them- 
aelves strongest in oxyprcn. Nevertheless the surface of the brass 
spheres showed that an oxidation had taken phicc, and it is pos- 
sible that the cause of the phaeuomeuon alluded to is to be sought 
here. 

13. Carbonic Acid. — The gras was prepared in the ordinary 
way by means of sulphuric acid aud chalk, and wa^s earned, lor 
the purpose of drying it, through a bottle filled with pumice- 
stone which had imbibed sulphuric acid. The spectrum obtained 
is shown at CO' in fig. 3 ; it resembled perfectly the spectrum of 
oxygen, as far as the strong lines in the blue and violet are oon* 
earned. Some difoence mjs, howerer, obaerved in regard to 
the weaker linea j a bright band, oorreaponding to 13, fig. 1 of 
the air apectrum, waa also observed, which did not appear in the 
oxygen spectrum* Nevertheleaa both apectra might be regarded 
as identical. Thia is easily explained by the ftct, that, aceording 
to Beneliua, the electric apark deeomposea the carbonic acid 
into carbonic oxide and oxygen, and the Utter gas prodooea iti 
own peculiar linea ui the apeefcnun* 

As it waa poaaible that we violet and blue linea in the oxygen 
niectmm,ana in thatof carbonic acid, might havebeen ^roducedbT 
the oxidation of the metallic partidea during thdr motion through 
the ga% and asy if thia were the caae, th^ must diai^pear if aa 
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unoxidizabie metal were made use of, I had the two spheres thicklv 
gilt (with mercury gilding) and repeated the experiment with 
carbonic aeid. 'fhere was no alteration of these lines, which I 
resrard as bLloni^iug to the gas. The lines of the metal had, 
however, been changed, but without becoming quite like those 
observed in former instances with gold. A luminous band, broken 
in the middle, showed itself in the oxygen spectrum three lines 
higher, which corresponds to F in the air spectrum, without, 
however, coinciding with one of the zinc lines. Besides this, 
at 5 and E fine lines were observed. 

14. Bmaxide of Nitrogen, NO^ — ^A mixture of sugar and 
dflate Bulphuric aeid waa heated^ and the developed gas was 
eondiictedy fint duough water, and then through the drying 
bottle before mentioned. The apectrom of the gas ahowed a 
union of the air and oxygen 8pec£ra» although by no means com- 
plete. Aa, according to fieneliua, the electric apark decompoeea 
the nitric oxide into nitrogen and nitrous add^ormore probably 
hyponitrous add, the two lines y and 8 must belong to the 
mtiogen. It is more difficult to explain the production of the 
oxygen luiesy if we do not assume that the nitrous acid is still 
furtlit r decomposed. 

15. Hydrogen, — This gas was produced from sine and sul- 
phuric acid, being dried in the ordinary manner. The spectrum 
la shown at H. and H« in fig. 5. represents, in an approxi- 
mate manner, the luminous intensity of the different |mu^s of 
the spectrum. Remarkable, in the case of hydrogen, are the 
stron LHy luminous and wide lines at the red cnuof the spectrum 
which, moreover, besides a feeble line in the vicinity of the' 
ionjjcr, contains? only two bi'iL'ht portions, one at the limit of 
blue and green, and the other m tho extreme blue. 

In general the hydrogen speetrum bears a e;reat reseuibhuiee 
to that of the flame of alcohol, only the red lines must be eon- 
ceiv< tl to be moved nearer to the yellow light. The facility 
with which hydrogen transmits electricity is remarkablr. When 
the spheres were almost 2 inches asunder^ the sparks passed 
with the greatest ease. 

16. Carburetted Uydrogeny CH. — This gas was developed from 
alcohol and sulphuric acid, then conducted through a solution 
of potash, and afterwards through the drying apparatus. The 
spectrum was nearly the same as that obtained with hydrogen, 
and for this reason 1 have not drawn it. It was however brighter, 
particularly in the green^ and also showed to the left E, fig. 1^ 
a bright lincj^ which I did not find in the hydrogen spectrum. 
As the electric spark decomposes carburetted bydrogm into its 
dementSy this result is not to be wondered at, particularly as 
coal exhibits no lines peculiar to itself in the spectrum. 

PldL Mtuf. S. 4 Vol. 9. No. 60. Maif 1855. Z 
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17. Nitrogen. — It follows from what has guuu before^ that the 
brip^ht hiiua ill the air spectrum belong aloiost exclusively to the 
nitiogen. To submit tliis conclusion to a dirert test, I enclosed 
a stick of phosphorus in the apparatus and ignited it by means 
of a heated copper wire, introduced through the small opening 
which permitted the issue of the gas. The aperture was then 
dosed* The nitrogen thus obtained is not pure, but is mixed 
with a white smoke of phosphorie acid ; this, bowever, falls and 
leaves the nitrogen alone bdiind* The eledrie tpark shewed the 
same qtpearanees as in atmotpherie air. This, result not only 
corroborates the conclusion already referred to^ but it also shows 
that the presence of the phosphoric add does not produce any 
change, and that the air spectrum cannot be regaraed as the 
result of the combustion of oxygen and nitrogen. 

18. Another question follows:— Is the glowing of the gaseous 
particles produced by the propagation of the electricity, or is it 
a purely mechanical consequence of the motion of the metallic 
particles ? The latter appears to be principally the case. "When, 
for instance, the sparks pass between two points in the aame 
horizontal plane, the metallic particles will nevertheless he scat- 
tered vertically, and the lines 7, E, B appear as in a, fig. 5. 
Hence we sec that the glowing of the air particles is strongest 
in the direction in which the metallic particles are scattrrcd, and 
that both diiTctions coiiiiiniiL:h', ns it were, in the centra. It is 
remarkable, also, that tiie metallic particles show no tendency 
whatever to combine with each otiicr. Thus, for example, on 
one occasion the /inc lines appeared on tlu liiue, as nt A, fig. 5, 
without any s( i)silj|t> change being produced in the an spectrum. 
The latter ubservaiiou seems, however, to be opposed to the 
foregoing, and hence to leave the question in respect to glowing 
unanswered. A further contribution to its solution is furnished^ 
I beheve, in what follows. 

In experiments with the sulphurets, for example with sul- 
phuret of silver and sulphuret of antimony, when the same charge 
was used, two kinds of sparks showed themselves alternately, one 
stronger than ordinary, the other much weaker and of a dull red 
appearance, but so that at the snrfiioe of the metal itself it pos- 
sessed its ordinary character. Regarded through the prism, the 
spark produced at the edge of the spectrum some br^ht points^ 
but beyond this the field was dark. I placed the prism at a 
distance of only 4 feet from the spark, but in this case also 
the field was so dark that it was not possible to determine directly 
the position of the bright points. Only by the circumstance 
that now and then stronger sparks showed themselves, was such 
a determination ])03aible, and it was thus found that the bright 
points corresponded exactly to the lines peculiar to the mdbal^ 
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wliksh here showed themieheB upon the turiaoe of the metal 
only. It seems, theiefore^ that in this case the air alone trana- 
nutted the electricity^ but did not impart to the ordinary spec- 
trum a sufficient strength of hghti because the metallic particles 
did not by their motion canae the particles of air to glow. It 
would be well^ however, to make this the subject of farther in- 
vestigation. To the same portion of the sabject belongs pro- 
bably a fact which I have several times observed, namely, that 
when one of the poles is formed of a fluid, of sulphuric acid for 
example, the lines in the corresponding half of the air qpeetmm 
are much weaker than in the other. 

19. The exprrimcnts which I iiuide with cliffprent metallic 
sulphnrets hnl to no remarkable result. In ^^eiirral they gave 
the comptxitioii of the metal more or less completely. There 
was no dittcrence observed, whether the sulpha ret received from 
the apparatus positive or nep*ative electricity. As examples, I 
have given in lig. 2 the Bpectra for the sulphui'et of lead and 
snlphuret of iron. The latter, however, is distinguished by the 
fact^ that in the vi( inity of the line 7, and also in violet, bright 
lines arc sho\\Ti which were not observed in my experiments with 
iron. These lines could not, however, belong to the sulphur, 
because they xnust then cxiiibit themselves with other metallic 
sulphurcts. 

Salphur, like carbon^ seems to have no peculiar lines. I have 
made the experiment^ not only with chareoal, bnt alao with gra- 
phite, and have obtained no lines which could he regarded of Uie 
same character as those eihibited by the metals. The lines of 
the air spectromj indeed, particularly in the violet, appeafisd 
stronger than ordinary ; and in several of the bright portions fine 
lines were plainly vtsibie (e. at fig. 1}, but I have had no 
reason to conjecture that these lines belong to the caibouj psr- 
ticularly as platmum also shows the violet end of the spectrum 
in a pecuharly manifest manner. The deportment must be 
refeired to the fact, that the coal particles^ by their finer division^ 
act more easily the air particles in a glow. 

20. Summing up the observations on the spectra of gases, it 
follows that| in the oxygen spectrum, the greatest number of 
bright lines oecur in the blue and violet ; in the nitrogen spec- 
trum, in green and yellow ; and in the hydrogen spectrum, in 
red. These phenomena must necessarily be connected with the 
chemical and thermic properties of the gases. Regarded from 
the theory of undulation, the chemical activity must exert itself 
chiefly in the motion of the molecules ; and it may be a.ssumed 
with some probability, that two bodies, whose vibrations are iso- 
chronous, may couibmc more easily than two others. In this 
way the possibility of a combination is finally reierred to the 

Z2 
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ponibiliiy of eiciting in two bodies coincident molecular ▼ibra*' 
tions, where under ordinary circumstances such do not exist. 
The chemical acti\dty belongs, nevertheless, to a certain class 

of rays. Becqoerel states, " (jvp rhnqup &yhstnncp sensible voie le 
rayonnement a sa mavirre/* and this is capable of very extensive 
application. Thus hydroiren, in contact with spon^ry platinum, 
is thrown into a condition in which it can ent^r into combination 
with oxygen ; and the blue colour of sunlight excites in chlo- 
rine the power of entering into union with hydrogen. These 
blue rays act also most powerfully on the solid constituents of 
plants, while the yellow rays have most to do in producing 
the green colour, and so on. Hence there are no rays in the 
solar spectrum which do not possess a chemical power, alt]iou!4;h 
the violet end oi the spectrum, on account of the paii acted by 
oxygen in most chemical changes, shows itself here most influ- 
ential. Further, the combustion of most bodies and their com- 
biliatioD with oxygen produees a bine flame ; sine baa a great 
affinity for oxygen, ana nitrogen a feeble one ; and all this acems 
to ap^k in iavonr of the above cornddenoe in the motionB of 
vibration, which I have stated to be a condition of eheinical 
combination, and proves at the same time that the osdUationB of 
oxygen belong more particolarly to the bine and violet portions 
of the spectmm. 

That isomeric bodies possess different chemical properties 
seems also natars!, as a change of position of the molecules mnst 
of necessity be accompanied by other vibrations. 

21. It is more difficult to explain how, in some cases, a mo- 
derate heating calls chemical action into play ; for the electric 
relationa of the medium cannot thereby have suffered changes so 
considerable as to produce new series of oscillation ; or, in other 
words, how it is that one and the same kind of oscillation, simply 
by increasing its intensity, is capable of producing quite difl^T- 
ent effects. Tliis phsenomenon seems to be explicable in the 
following manner : 

Let f, 7j, fbc the coordinates of a inolecule witli reference to 
its position of equilibrium, and let thcru be supposed to be so 
smdl, that, in the differential equations for the motion, their 
higher powers may be neglected. For a certain kind of motion 

nm we may then set 

f =a . cos (ii/ + X) 

i;=6.eos(fi^+X) 

{rssc.c08(ii/+X). 

Let the ampUtudes be now supposed to increase, so that 
finally ^, 17^, ^ become sensible ; in this case I have found that 
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the equations oi motion will be aatished by the loilowmg assump- 
tion: — 

f=e -l-fl'cos (n/ + X) 4-acos2 («^+X) 

1;= c' -f COS {nt + \) +/9cos2 (nt + X) 

fss" +c'coa (n^+X) +7C0s2 

80 that a simple augmentation of the amplitudes can excite 
vShntions of a higher order^ which in their torn can prodnoe 
chemical effects. 

22. A question of great interestj to the solution of whidi^ 
however, great diffienlties oppose themselveS) is the following 
Wh^ is it that the spectmm obtained fifom the gbwing metallic 
partides of the dectiic spark exhibitB only certain oolonrs^ and 
doea not, like the glowing metal itself, show all colonrs in a con- 
tinnoua series? A glowing platinum wire gives a spectrom 
without shining lines; the electric spark from platinum gives 
such lines in numbers. Not without some hesitation as to 
whether I have hit upon the true cause of this diffisreneej do I 
venture upon the following explanation. 

The general theory of small motions teaches us that the number 
of the molecular motions of a body amounts to thrice the num- 
ber of molecules within the sphere of attraction ; and from this 
it follows, that when the number of the molecules is infinite the 
number of their motions must also be infinite, and hence the 
spectrum must exhibit itself as a continuous whole. This, 
however, is not nece^s^^anly tlie case with the metallic particles 
which are scattered by the electricity. These particles may, in 
ma*;^nitudc, remain considerably under the sphere of attraction 
of the molecules; by this the number of the possible oscillations 
becomes liiiiited| and hence also the spectrum cannot form a 
connected u hole. 

I liave had only recently an o])portiinity of becoming 
fully acquainted with the intcrcstins: memoir of Stokes " On the 
Change of Refrangibility oi Liirlit. " I see with satisfactiou that 
Stokes's explanation of the remarkable phaenomeua of dispersion 
in the green colours of plauts, in sulphate of quinine, and in an 
infusion of horse-chestnut bark^ namely^ that the medium, when 
iUumiaated by the sun, becomes itself luminous, is exactly the 
same as that which I have gi?en in the foregoing pages of the 
same pluenomenon. 

24. The law at which Stokes has arrived is, that in the case 
of inner dispersion, the refiran^bility of the incident light is 
dianged, being generally diminished; or^ what is the same, that 
the time of osciUation of the dispersed light is, in comparison 
with the incident light, augmented. This law is by no means 
opposed to dynamical principles. The unehangeaoility of the 
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time of iMciUatioii is onl^ tnie of wave motion; and aa long aa 
the luminouB m exists in Uiis form, the time of oscillation is 
undbanged. When, however, it is absorbed by a medium, the 
particles of whidi are thereby set in vibration^ the wave motion 
paises into a pendulum motion, and the law of nnehangeabilii^ 
ceases to be true. The molecular motions, however, communi- 
cate themselves to the ether, and a new wave motion is thus 
genezated, which^ as regards the time of osciUation, is difieratt 
from that of the incident light, but the same as that of the pen- 
dulum motion from which it orieinates. 

As before remarked, we have long possessed in the absorption 
of calorific rays an example of a similar change. Between the 
dispersed light and the absorbed heat there is, however, an im- 

Eortant difference ; the former ceases with the illumination, the 
itter not. What can be the cause of this difference? It is dif- 
ficult to answer with certainty. But the reason is fffobably to 
be sought in the drcomstanoe, that the substances under exami- 
nation do not possess any capacity of conduction for colours 
similar to their conductivity for heat; so that the molecular 
motions of the medium are immediately transferred to the sether, 
and become dispersed in the real sense of the term. It is also pos- 
sible that the molecular motions produced by the action of light 
are not iniiuitely small, and hence, in accoraancc with what has 
been adduced, a higher order, such as the octave, may be com- 
municated to tlip rcther-vibrations as long as the body is illu- 
minated, but that on the withdrawal of the latter thry become 
insensihin. In such a case the medium would, however, have its 
temperature increased. 

Stoke*? also assumes that tlic nioh'rular motions of the absorb- 
ing medium are not infinite ly small, but he draws from this the 
eoncluiion, that the periods of motion of the medium are longer 
than the sether waves which prodiuH- tlu ni^ while according to 
my investigation exactly the o])]insitc nmst be the ease; pre- 
mised, moreover, that the parts of the medium swing isochronous 
with the sether, and not m conformity with its own elasticity. 



XLTX. On the Oblique Aberration of LenspR. 
By John Ji&LDGe, M,A, Unwernty CoUege, London"^. 

THE impfortance of destroying oblique aberration in the con* 
. struction of photographic lenses has induced me to attempt 
the problem. This I have done in the manner which seemed 
most suited to the purpose, which was to ascertain the point 
where a g;iven ray of a pencil emerging from any point of a fiat 

* ComiuumiatcU by the Author. 
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object meets a flat screen after refraction, both object and screen 
being perpendicular to the axk of the lens, and the points where 
they intersect the wxx^ being conjugate foci. The turniuUe give 
immediately the amuunt of the diffusion, or spread of the rays of 
any pencil over the surface of the photographic plate, and the 
effects due to obliquity and aperture respectively are easily deduced. 
Though they are adapted directly to the case just mentioned, they 
may without much difficulty be made to suit any other. The fol- 
kNring mvcstigation might, in fact, be aceiirately described as a 
general view of the theory of spherical minon and lenses j this 
will appear by the dedvetion of the most important cases nsiiaUy 
treated, as wdl as that which is the immedii^ object of inqoiiy. 
I cannot find that tiie method of leference to eoordinates in a 
plane perpendieolar to the am at the prime conjugate haa been 
piefionaly adopted, nor i^t the problem haa been solved in its 
general form^. 

To find the dkreetion of a ray after refiraetien tU a spherietU 
9mfaee, 

Let ^, K be the cosines of the angles made by the incident 
ray with three reetangolar coordinates having the centre of the 
nmere for ori^n ; g the point of incidence of the ny ; m 
tne refractive mdex. 

«r t/ <sr 

Then ~, — are the direction-cosmes of the normal 
r r r 

j^__^X«+^f+w^ angle of incidence. 



/tf— vy, &c. proportional to the direction-4sosines of the plane 
of incidence* 

Let X'^ /J, be the direction-cosines of the rdracted ray ; 
then the equations for determining X', fJ, ^ are 

(1.) V{jLS^vy) ^^iyx-Xz) +i/(Xy-/ia:) = 0. 

(2.) \'x +Ai'y +i^z =r 

V ^ i? V . y = ^ suppofie. 

(3.) X« +iA =1. 

These equations express, — that the refracted ray is in the 
plane of tlic rionnal and the incident ray — the proportionality of 
the .sines uf tin' ruiEcles of incidence and refi*actiou — and that 
X', /i.', arc direcLiuu-cosiucs. 

Whence 

* For pierioDt mgiiiiies into the subject of oUiqae abentlioiif tee Pot- 
ler't * Opbn.' and Cbirant, MMru it f/Mfital, 1762. 
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and 

/. /AT* — y(Xj: + /i^ + k;?) 1* = ffc''(f^— r* . \ar 4- A^i/ + vrl ') 



+ A«(^ +/ftV-2/iy . XdP +/iy Kr)« 

whence 

J y 



As the process is thus lar syaimctiiCiii, similai tj^prcssiuus will 
hold for X' and v'. 

The equations above are satisfied by two hues in the plane 
pataing throagh the normal and the incident ray, one on each 
aide of the normal ; the upper sign belongs to the refracted ray. 

Mxpansion 0/ /i' and 
By substitution we have 

1 + ^ r 

✓wV— f* + (Xx + At y + y^)' 

m OT r 2»r r \ r* r / 

Aa the axia of ;p is no longer to be aymmetrical with the other 
twO| it will be more convenient that fit, i^, 1^ ahould rqpreaent 



. J ^ d by Google 



Mr. J. Bridge on ike Oblique AberraHon of Lmm. 846 

the tangents of the angles made with the axis of x by the pro- 
jections on the planea of «y« xm. We must therefore write for 

1 tJ-M^J^ 

2 mL m* r nr i* m* J 



1 «-l yrM*+»f .2^^jj*.m-l .y«+*«.m^n 
■•■2 m rL m* "•"'^ r ««"*■»* 



M m 



Next, ^0 find the HreeHen after refraetum ai the eeeond eurfaee 
of the Imt whose central thicuiess is /• 

Let f be the radius of this sor&ee, the cnrvatnre being sap- 
posed in the same direction as before ; the point of incidence 
on it ; fijVi the direction-tangents of the emergent ray. 

The refiractive index is here ^ then by substitution in the 

above^ we have 

2=1. +2M^s. !!:±1, ^ ^] 

7^ — 1—^^ — ^-i^--^^ "^"^U- 

Taking now the centre of the second surface as origin^ 
*«*+y£*+V=«*i *s=*""g ^~J^ nearly; 

whence , ^ / a . ^ 1 \ 
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and 

\m m r/ 2 \r 9/ 

Substituting for and z^, 

y (m- 1)^ /1 iy / + g' 

By sobBtituting for /if and v'^ and ooUectingj this becomes 

+ (7-?) K^'-^'^'f ) 

■^I'-ii^rl^+'^A—i' — + ^ ) 

+2(^y+vz)m(i-i)] 

+3':^L^+*^V ?« ^ 

+ jj ) 

. rt/ N / — m — 1 2//^'^ — 771 — 1 

+2(j^9+y-){—iM a 

For i — — write — , then 
r a « 

If-Q Q / 1 . w* — m + l\ . J. "1 
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) 



ft Z' «+l . »»*\ 



+ 7?+»^("»+i)]- 

Let « be the distanee AQ along the axu of the foena of a 



1» 



1f 



direct pencil of rays before incidence ; v the distance of the 
focus of an indefinitely small central pencil of these rays after 
refraction by the lens. Let planes perpendicular to the axis of 
the lens be drawn through Q and q, and let A, c be the coordi- 
nates in the directions of y, r of a point in the plane of Q 
towards which a ray is proceeding before incideiuc ; 7), f the 
point in the plane of q towards which the same ray proceeds 
after relraction. Then 



2r 



^^^^ 



Ml 



2t 



r+xr* tf ^ m \r n/\ u 
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P, Q, &c. being wntteu for the coefficieuts of (/i'^+w) 
&c. ill i 

* 'nutffnv rttu/\r u/ 



V n u m\ r u/ ' ^ 
fl^b b i/m-\ ^ \\ 

* Wbence, by putting 6=0, r=0, and diminishmgy tad ir without Itauft 

we h«re -==— ^iV for the focutof •■n^ 

» » » WIN r »/ 

direct pencil. 
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I* rti tt» m tt* ir 

-J m-f-1 2m + l 

r II u 

The expresdons in [ ] areaymmetricai with respect to y mds, 

so that the expression for ~ is foand by writing c and zfmb 

and y outaide these braeketa. 

Patliiig c=0^ that is^ supposing the ray^ when incident^ to 
be prooeedisg to a point of the plane of Q where it ia out by the 
plane of xjj we have 

It ia obviooa that when 6=0, csO, the above gives the ex- 

Sreanon for the aberration in the aame form aa that in En<^e« 
iritt., art. 7b2sioqp«*. I have found that form more eonvenient 
for the calculation of a krge number of caaea than thoae in Cod- 
dington. 

It ia aatiafiictory to find that these eq>reaaiona very easily vidd 
those for particular eases aa found in Coddmgton and elsewhere^ 
aa fdlowa : — 

Primary and tecinidery foci of a $maU eentrieal oblique pendU 
For the primary focus^ that is^ for rays incident in the axia of 
y {e being supposed =0), 




MK the plane perpendicular to the axis at the focus for a 
* Clairsnt ii^ I find, the mthor of tbit fona. 
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amall^ direct^ centrical pencil. Then 

MN y , 

or 

My,-*,— — . A,— -A, = +r« . (3«+l) 
For the aeeondify foent, 

(See Coddington, p. 119.) 

Primary and secondary Jaci of a umaU excentrical pencil wtach 
crimes the axis (zsO). 

For the primary^ , 

Ai9 , 
— £s— ^ «.s= — 17— nearly. 



linee it ia found that 



« 



is equal to what in Goddington ia called V'*'. (See Coddington, 
pp. 137 and 138, or the r&nmi in pp. 196, &c.} 

^ mill is a much more coiivenieut form than Coddington's V« since it 
enablft m to distiiigiush immediately the effiBcta due to apertiin and ob- 
liquily. 
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In a similar manner for the seoondaiy focua^ 

Also, by substituting for fi and fi' in theeqnreaaion for refraction 
at one spherical sorface, their values 

u u 2ru 

and 

and for m, we find 

for the point of intersection of a reflected ray with a plane per- 
pendicular to the axis through the focus of rays proceeding to 
the projection on the axis of the focus of incident rays. 

By limiting the expressions to the case considered in Potter's 
* Optics/ part 2. p. 1 10, &c., they will be found to give easily 
the same results as those in pp. 117, 118, 119 of the same work* 

To find the plane perpendicular to the axis of the lens on 
which the aberration of a given ray of an oblique pencil is a 
minimum, that is, the distance between the points oi intersect 
tion by it and by the central ra^. 

The equations of the ray, takmg the origin at distance ofrom 
the lenSy are (putting /i for /i^ fi^ for the central ray) 

and for the centiil lay, 

the distance of the points of intersection of these rays with a 
plane perpendicular to the axis at distance X from the origin is 

D= ✓(Y-Yo)*+(Z-Sg» 

and 

D»= + (v-F„)«]X»+2(/.->i,. ,-,,+ K- vf^X 

it a miainwim whea 

X (/^—h) (v—v q) + {f-*'o) (g- Q , 
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and then 

D«= C^i:~'^o)(?-S))--(»'-»'oV^-'^o))* 



Now 



/»o— • ? nearly. 



where M and N are symmetrical about the axia, 

hy-^cz 



y« + a» 



Z-Zo _ y 

t:^; — 7- 

The line joining the two points in the intersection is therefore 
perpendicular to the line joming the two points of incidence. 

From these fornmlae may be deducf il the expressions for the 
primary and secondary foci of an oblique centrical pencil. 

If the focus of incident rays be supposed to be a point in the 
plane of zx^ 6 = 0. 

Then for a ray incident in the axis of y=0, and it is clear 
that D;sO, or it meets the central ray. 

X|=^^(3m+1)^, if — be iuppoeed very amaH as com- 
pared with A 

For a ray incident in theaziaof y,4r=0j NsO; .*. DsO, and 

If for brevity we write tiie expressions for in the form 

w - + T + we have for the coordinate 17^ of the pomt where 

a ray after refiraction at two lenaea in contact meeta the plane 
perpendicular to their common azia throng^ the focoa for central 
dir^ rays. 
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In the small terms y,, ^ may be considered u equal 

- he 

The conditioua that all rays proceeding from any one point in 
m plane perpendicular to the axis may meet in one point on the 
jMaoed to reoeiTe the image, are 



U| + Ug4- ... =0 (and a similar one tor f) 
for all values of y, b, c, inrohnng among other conditions, that 



n 



1 



+ — +...5*0, or 7- + 7+ ... 



fv A* ^* being the principal focal lengths of the lenses, the 
thicknesses bemg n^lected. This equation is impossible ao 
long as the lenses remain in contact. 

Por two leases not in contact, but whose interior surfaces are 
aeparaCed by an interval the aberration is found as follows. 

Let f I — d^u^wisk^ let be the point of incidence on the 
aecond lens ; Cgsm^ 1, 2m»2(G,— 1). Then 

^' Vi a' 
and hy snbstitation we ohtam 

«s «f •<» « m,\ r, ^n,/ 



'(A^+3B^rf«+3C.^..rf-2^;.^)). 

It miy sometimes be convenient to use the polar forms of 
some of the expressions, as follows. 

Ifirspstn«, y«/)00s«, 6s<rcosA csasinft |=^=tan6; 

X Iq 

P^. 3f<y. S. 4. Vol. 9. No.m May 1865. 2 A 



^ + c« 
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then 

D=N^<Tsin(«->3) 



and 



The practical object will of course be to find those feruui of 
lenses which by their combioation rednee Art and A(r to nothingy 
if possible^ for all yaluea of y, z, b, c. This involves the solntioa 
of five equations^ upon the diacosaion of which I do not propoie 
to enter at present. It may be desirable at sojne future time to 
extend the solution so as to introduce the 4th powers of 5 and e, 
but not of y and r. I would suggest also the want of some fixed 
principle of selection among imperfect foci. I have found the 
results of assunung a law which answers the obvious require- 
ments of the case, as follows : — ^If that he called the best section 
(focus) of a pendl which gives the sum of the squares of the 
distances from their centre of intensity of the points where the 
several rays meet the plane of the section, we find that the circle 
of least confusion conforms accurately to this eondition, and that 
for a Isrge direct pencil the distance of the best focus from the 
least circle of aberration is ^th of the whole longitudinal aberrar 
tion. I think some satisfactory conclusion on this point might 
be attained by careful experiment. 



L. Ewammitiim of 9otM Febpai^^ Rodti, 
By T. S. HirwT, of the (feological Commitsion of Oanada^. 

THE oldest known group of rocks in North Amenca is that 
to which the name of the LaurcnLian System has lieeu 
given in the Reports of the Geolouical Survey of Canada, aiul i? 
made up of very luucli disturbed and Inghly crystalline straui 
which are m great p:u t iiueissoid and quartzose. Interstratitie*^ 
with these, liowever, are beds of crystalline limestone, often o 
great thickness^ and holdinjj; scapolii e, ])yroxene, piilo^opite, &er 
pcntiae> fluor, apatitCj spinel^ corundum, condroditc^ apkene 

* Conununicated by the Author. 
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graphite^ and other characteristic minerals. Associated with 
these limestones, there is another rock forming an important 
member of the group, and consisting chiefly of felspar, with 
small portions of black mica, green pyroxene, and occasional 
grains of g:arnet, cpidote, and more rarely of quartz. This rock 
id often marked by the presence of small portions of hypersthcnc ; 
from the presence of this mineral, these masses have been described 
by the New York geologists as hjpersthene rock. In addition 
to these minerals we may add ilmcnitc, or titaniferous iron ore, 
which occurs sometimes in large masses, and at other times in 
imall disseminated grains, which like the hypersthene appear to 
mark the planes of stratification. If to these we add small por- 
tions of iron pyrites and a little disseminated carbonate of lime, 
we have the mineralogy of the rock so far as yet known. 

The texture of these felspar rocks is varied ; sometimes the 
mass is a confusedly crj^stalline aggregate, exhibit in cleavage 
surfaces three or four lines in diameter, with a line-graincd, 
gomewhat calcareous paste in the interstices. Sometimes the 
whole rock is uniformly granular, while more frequently a gra- 
nular base holds at intervals clcavable masses of felspar, often 
several inches in diameter. The colours of these rocks varv' from 
gra\nsh and bluish-white to lavender and violet-blue ; flesh-red, 
greenish and brownish tints are also met with ; the colours are 
rarely brilliant. These felspars seldom occur in distinct crystals, 
but their cleavage is triclinie, a fact which, coupled with their 
densities vanning from 2-C)i\ to 2*73, shows them to belong to 
the group of which albite and anorthite may be taken as the 
representatives. The bluish clcavable varieties often exhibit the 
opalescence of labradorite, to which species American mineralo- 
gists have hitherto referred them ; but with the exception of a 
few analyses by myself, we have no published analyses of any of 
these felspars. My investigations show, that while all of them 
are felspars with a base of lime and soda, the composition varies 
ver)' much, being sometimes that of labradorite, andesine or in- 
termediate varieties, and at other times approaching to that of 
anorthite. The results of these examinations, as far as yet com- 
pleted^ I propose to give in the present paper^ as the first part 
of tlie history of these felspathic rocks. 

One of the most interesting localities of these felspars is in the 
parish oi Chlten Eicher, in the eonnty Montmorend near 
Qnebecy where they cover a breadth of two or three miles across 
tibe stnkey bonnded by crystalline limestone on one side, and a 
mftao-fi^apathic rocK on the other, and rising into small hills. 
hk this region several Tarieties of the rock appear, bnt the most 
interesting is made np of a finely granular base, greenish or 
grayish*iniite in colour, holding masses of a reddish cleavable 

2A2 
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felspar, which arc sometimes from oiic-tenth to one-half an inch 
* ill diameter, but often take the iurra of large iniperlect ci^jstals, 
irequcntly 12 inches long, and 4 or 5 inches wide. These 
dimensions correspond to the faces M and while the face 
characterised by its perfect deavage^ is from half an inch to 2 
inches broad. Twin ciyatala aometimes oceor having a oompo-^ 
aition parallel to M. 

Hypersthene is met with throughout the rock in flattened 
masses, which although variable and irregular in their distribu- 
tion, ^ibit a general parallelism ; they are occasionally 4 or 
5 inches in length and breadth, by an inch or more in thick- 
ness, and are separated from the granular felspathic rock by a 
thin film of brownish- black mica. Titaniferous iron ore is alao 
found in grains and lenticular masses, occasionally an inch or 
two in thickness ; these occur in the granular base, and gene- 
rally near the hypersthene, but grains of the mineral are occa- 
sionally found in the crystalline felspar. Quartz in small grains 
is imbedded in the titaniferous iron, but was not obscrvrd else- 
where in the rock, nor have any other minerals than these been 
detected. In the specimens of the rock which I selected on the 
spot for examination, the crystalline felspar constitutes from one- 
half to seven -eighths, while the hypersthene does not equal more 
than ygj^dths, and the tit:mifiTous iron more than jJ^dthof the 
whole ; t!i(^ :iiiiounts of quartz and mica arc insip^nificnnt. In 
other })orLious of the rock, Imwever, the proportion of the ore 
may equal 5 per cent., and in some j)art8 the amount of hyper- 
sthene is nearly as great. By the action of the elements, the 
surface of the rock becomes of a dull opake white; the. eleavable 
masses of felspar are, however, less atlccted than the granular 
portion, and by their obscure reddish colour are distinctly visible 
on the weathered surfaces ; this chanp^ extends but a very little 
distance into the rock. The iron ore of course remiuns unaltered, 
but the dark brown hyperatheiie becomes li^jhtcr, and mclines to 
a pinchbcck-broviTi. 

The felspar is triclinic in cleavage ; the angle of P : M = about 
80** SCy. Cleavage with P perfect, with the other planes distinct; 
P is often ddicately striated, and sometimes curved. Hardncaa 
s=6, and density 2*667 to 2*674. Lustre vitreous, sometimea 
pearly on F; colour flesh-red, passing into reddish, menish 
and grayish-brown; the turfkuses sometimes mottled, but the 
red always predominating* 

The following analyses were made of three different spedmens, 
which were carefully selected, and after being pulverittd, dried 
at 212^ F. The earthy ingredients were determined after fusion 
with carbonate of soda, and the alkalies by the method of Dr. J. 
L. Smith, which consists in igniting for some time the finely 
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levigated mineral with five or aiz parte of carbonate of Hme and 
tbree-fouitlis ite weight of aal-ammoniae. The agglutinated man 
ilaket bv the action of water^ and yields to that liquid ite alka* 
lies in the form of cblofides^ with a mixture of chloride of cil- 
eiom. A second ignition of the undissoved residne with two- 
thirds the first amount of sal*ammoniac ensures the separation 
of the last portions of alkali. These processes were adopted in 
all the analyses here given^ with some exertions to he noticed 
in their places. 





T. 


IT. 


III. 


Silisa a • « 


• 59'55 


59-85 


59-80 


Almnina • . 


. 26 62 


25*55 


25-89 


Peroxide of iron 


•75 


•65 


•60 


Idme • . • 


. 7-73 


6-94 


7-78 


Magnesia . . 


• . traces 


•11 


•11 


Potash . • • 


•96 


•96 


1-00 




. 509 


5-09 


5-14 


Loss by ignition 


•45 


•30 


•00 




100-15 


99-45 


99-82 



In another specimen the amount of lime was found to equal 
7*89 per cent. The composition of this fclspai' is \ery nearly 
that of audesinc, which, according to Abich, yicUls ^.ilica, 59*60; 
aiuiniua, 21*18; peroxide of iron, 1'58; lime^ 5*77; magnesia^ 
1*08; potash, 108; soda, 0 53 =99*82. 

The jrreenish base of the rock is generally finely granular and 
strongly coiierent ; the grains possess the cleavage, lustre, and 
hardness of felspar ; the density of carefully chosen fragments 
was from 2*665 to 2*668. The greenish-white of the })owder is 
changed to a fawn colour by ignition. When pulverized and 
dig^ested with acetic acid, the mineral loses two oi- three thou- 
sandths of carbonate of lime, with traees of magnesia, iruii oxide, 
and aluiiiina. A portion wliicli hud been liius treated and cai*e- 



fully dried gave the following results : — 

IV. 

SiUca 58-50 

Alumina , . • . 25*80 
Peroxide of iron • i-00 

Lime 8-06 

Magnesia. • • • *20 
Potash .... 1*16 

Soda 5*45 

Loss by ignition . -40 



10057 

It is therefore a felspar differing bat little fsom the crystalline 
andesine in composition. 
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The hyprrsthene occurs in foliated masses with curved sur- 
. faces. Besides thf basal cleavages thus exhibited, it cleaves 
readily with tiie suics oi aa oblique prism of 87°, and with its 
longer diagonal. The hardness of the mineral is 6, and its 
denuty 3 409 to 3-4-17. Lustre vitreous, submctalhc ; colour 
bkM!kiui*browu, iu thin lamine ^eUowi^-brown ; streak and 
powder ash-gray, the powder turning reddisb-gray on ignition. 
Subtranslacent^ brittle, fnetare uneven, Tbe fragments wbieb 
bad served to determine the density still contained flakes of 
pathic matter between tbe laminse ; these were, aa far as possible, 
removed in breaking up tbe byperstbene for analysis. Tbe 
results of two analyses by fusion witb carbonate of soda were aa 
follows * 





V. 


VI. 


Silica . . . . 


. 51'8u 


51-35 


Alumina 


390 


3-70 


Protoxide of iron 


. 20-20 


20-56 




1*60 


1*68 


Magnesia • . 


. 21*91 


22*59 


Manganese • . 


. traces 




Loss on ignition 


•20 


•10 




99-66 


9998 



It is almost identical in composition witb tbe byperstbene 
from Labrador, analysed by Daniuur. 

The accompanying ilmenite was more or less interpenetrated 
with felspar and qu.irtz, whieh could not easily be separated. Its 
hardness was 6, and the density of selected fragments from 4*65 
to 4*68. Colour and streak iron-Mack, lus^ submetallic ; not 
magnetic. "Wben decomposed by fusion witb bisulpbate of 
potasb, it gave,— 

YII. 

Titanic acid . . • . 39 86 
Peroxide of iron . . . 56*64 

Magnesia 1*44 

Insoluble quarts, &c. • 4*90 

102*84 

A large portion of the iron is to be regarded as protoxide. 

Another variety of the lime-felspar rock from Chateau-Richer 
ia pale greenisk or bluisb-gray, witb occasional reddish graina^ 
and is midy granular. The lustre is yitreous upon the cleavages^ 
bat waxy dsewbere. Tbe onl;^ foreign mineral observed in tbe 
rock was brownisb-black mica in small scattered patches. The 
density of tbe greenish-gray portion was 2*681, and its analysis 
gave,— 
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VHL 

Saiet 65*80 

Alanuiim 26*90 

FooxidBof iroQ * • • • 1*53 

lim^ 9*01 

Migiifiia '27 

Potash *86 

Soda 4-77 

LoM by igmtioii . . . • '45 

99*59 

In Clilfteaii-Bidisr and ita vidnity there are fomid boulden 
of a well-^dcfined variety of the felspar wtk, whieh has not yet 
been met with in pbioe. The base is a coarsely gianolar felspar 
of a Uf^t reddish-gray eolour and vitreoos lustre, exhibiting 
everywhere distinct deavaged, and holding imbedded small bright 
grains of ilmenite, aurronnded with thin films of brownish mica. 
The imbedded crptals of felspar are numerous^ and are often 
8 or 4 inches in lenp:th and breadth by an inch in thick- 
ness. The £Mes of perfect cleavage are beautifully striated, and 
the smaller crystals, which are often slender and well defined, 
are sometimes carved. Hardness, 6 ; density, 2*680 to 2 692 ; 
lostre, vitreoos; eobur, pale lavender blue, witli pearly opal, 
ceeenee. Semitransparenty fracture conchoidal. Analysis IX. 
is a cleavable fragment from a boulder found at Ch&teau-Richer, 
and X. and XI. are from a similar and larger mass in the neigh* 
bonring pariah of St. Joachim. 

IX. X. XI. 

Silica .... 5720 67-55 57'd5 



Alumina . . 
Peroxide of iron 
Lime ... 
Potash . • • 
Soda 

Loss by ignition 



8-34 8-73 

•84 -79 

5-83 5-38 

•65 -20 -25 



9966 99-75 
The district of Montreal also affords extensive exposures oC 
these same felspar rocks, associated with crystalline limestone, im 
the counties of Leinster and Tenebonne. La the townships <^ 
Rawdon and Chertsey they are often fine-grained and hom<^ge- 
neons, and constitute an exceedingly tough rock, with an nne?en 
anbconchoidal fracture, and a feeble vitreous lustre; this variety 
is bluish or grayish-white in colour, somewhat translucent, and 
exhibits here and there the cleavage of grains of felspar. Great 
bodies of this rock are almost free from foreign minerals, while 
other portions abound in a green granular pyroxene, arranged in 
thin interrupted parallel layers with ilmenite. These layers 
of pyroxene are seldom more than 4 or 5 lines in thickness, 
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and may be an inch or two npui t, while those of ilmenite are 
still thinnor, find oiten enclosed in the pyroxene, alon^ the sur- 
faces of which deep red grains of garnet are occasiouaiiy seen. 
These different minerals appear in relief upon the white weathered 
surface of the rock, aud give a pictiire of its stratified structure^ 
which is^ however^ not less apparent npon the sni&oes of recent 
inttmt. Small| roonded^ bluish masses of deavable felspar are 
frequently disseminated in the same planes as the other nunerala. 
In some places the pyroiene appears to pass into^ or is repkeed 
by> foliated hypersthene. A homogeneous fragment of this rock 
from Bawdon had a density of 2*691. It was bluish-white, gra- 



nular and tnmsliioent. and gave by analysis^-* 

xn. 

Silica 54*45 

Alumiua 2805 

Peroxide of iron *46 

lime 9*68 

* Potash 1*06 

Soda 6*25 



Loss by ignition .... *55 

100-40 

In connexion with this Tariety, whidi has neaxfy the compo* 

sition assigned to labradorite, 1 may give the analyses of two 
felspars which differ from it prinHpafly in their greater amount 
of lime. No. Xlil., from the township of Morin, belongs to 
the same area as the last, and forms large cleavable masses iu a 
fine-gi iiiiu d base. Its density is 2*68 i to 2*695, and its colour 
greenisli-gruy, passing into bliush-gray, with an occasional pearl- 
gray opalescence. The greenish paste of this felspar is softer 
uan tbe others, and yields with effenreseence abont four hnn* 
dredths of carbonate of lime to dilute adds ; the insoluble residue 
has nearly the composition of the felspar. No. XIV. is adea- 
Table, lavender-blue, opalescent variety, from a rolled mass found 
in Bmmmond, Canada West, and having a density of 2*697. 
The determination of the alkalies in this was not made by the 
same process as in the other analyses, and probably does not 
give the fuU amount. 





XIII. 


XIV. 


Silica • . , « 


• 54-20 


64-70 


Alumina . . . 


.. 29-10 


29*80 


Peroxide of iron 


• 110 


-86 






11*42 


Magnesia . . 


•15 


traces 


Potash "1 V j /r 
Soda 


8-80 
••• 


•23 
2-44 


Loss by ignition 


•40 


•40 




100-00 


99-85 
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At LapGhvte on the Riviere du Nord, theie b • felspar rock 
aiMiftriatfil like the others witli crystalline limettone, and holding 
in a gteeniah granular base a cleavable fekpar resembling ande- 
■me in eomposition. Its lustre is vitreous^ and the face of perfect 
ekaYage, aa in all these felspars, is finely striated. Density^ 2*687 ; 
colonr, laYender-bloe, passing into sapphire-bine; semitrans- 



parent* Ita analysiB ga?^ 

Silica 6815 

Alumina 26*09 

Peroxide ot iron '50 

Lime 7 78 

Magnesia '16 

Potash 1-21 

Soda 5'55 

Lu:sS by IjglilLiOll '45 



99-89 



The bytownite of Thompaon appears to be one of these grm- 
nnlar felspar rocks, and can scarcely be distinguished from some 
of the varieties jnat described. In 1 850 1 examined an antL c n t i c 
apecimen of the mineral, and found it to have a hardness of 6*6^ 
and a density of 2*782; it gave by analysis,-^ 





XYI. 






Alumina . • • 


. 80-45 


Peroxide of iron • 


•89 




. 14-24 


Magnesia • . • 


•87 






Soda .... 


. 2-82 


Loss by ignition 


• 200 




99*05 



I remarked at the time, the undoubted felspathic character of 
the mineral, which I described as corresponding to the thior- 
aanite of G^th^ and aa probably anorthite with an admixture of 
quarts'^. 

The frequent association of ilmenite with these felspars, derives 
additional interest from the fact, that the immense deposits of 
tbis ore at Bay St. Paul are aocdmpanied with a lime felspar. 
Here» beaidea many smaller masses^ a body of titaniferons mm 
ore^ 800 feet long by 90 feet wide, is exposed on the side of a 
liiU^ and a itill Uvger mass is said to oceur in the vicinity. The 

^ See this Magazine, S. 4. vol. i. p. 324. Also Report of the Geological 
Sorvey of Csnsdslor 1860-61, p. 38^ where analysis }UV. 
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ore is coarsely crystalline ; its colour and streak are iron-black, 
and its lustre submetallic ; it affects the magnetic needle very 
feebly. Hardness, 6 ; density, 4*56 to 4*66. Its analysis o^re 
mc titanic acid, 48*G0; protoxide of iron, 37*06; peroxide of 
iron, 10''l-2 ; iii:i::;tu sia, 3 G0 = 99*68. Disseminated through 
portions of the ore, are small, garnet-red, translucent grams, 
which have an adarnantinr lustre, a conchoicLil fracUuT, and a 
hardness of 6. They arc found by analysis to be pui L- oxide of 
titanium, and are to be referred to the species rutile or brookite. 

We have in the rocks which have been thv subject of these 
examinations, a scries of felspars in which the amount of silica 
varies from 47'40 to 59*80 per cent., and that of the lime from 
7*73 to 14'24 per cent., the amount of the alkalies decreasinir as 
that of the lime augments. These results only help to conhrm 
the conclusion which may be drawn from all the previous analyses 
of triclinic felspars, that there are no defined limits for those 
species which, like vosgite, labradorite, andesine, and oligoclase, 
have been created between albite on the one hand, andanorthite 
on the other. I therefore proposed some time since to regard 
all of the intermediate felspars as mixtures of these two species, 
winch, being homoeomorphous, may be supposed to crystallize 
together in ind( tlnitc proj)ortions. Multiplying and expanding 
the received fonnuhe of albite and anorthite, I represented them 
as follows (siiica being SiO, and alumina alO= (Al* 0^)-?-3)* : — 

Eq. wt. Density. Eq. vol. 

Albite . . (Si*3al»*Na*)O«4=1054-4-^2-62 = 402-4 
Anorthite . (Si^« aP^ Ca^ j 0^ = 1 1 1 8 4 -^2 • 72 = 405 0. 

The composition and density of the intermediate felspars per- 
mit us to regard them, for the most part, as mixtures of a soda- 
albite and a lime-anorthite. In the analyses of many albites and 
anorthites, however, we have evidence of similar admixtures ; for 
some albites contain from 1 to 2*5 per cent, of lime, and anor- 
thites from 3 to 4 per cent, of alkalies. Of a like sifriiificancc is 
the constant presence of a small amount of potash with the soda 
of these felspar!^, nTid the magnesia, sometimes amountiui^ to 5 
per cent, m anorthite, leading us to infer the existence of lime 
and potash-albitc? (orthoclase ?), and soda and mairnesia anor- 
thites. The dithcuities presented by the vaiying composition 
of these felspars are obviat* tl by admitting such a mixture of 
species as constantly takes place m the crystallization of homcpo- 
morphous salts from mixed scdutiuns, aiid this consideration 
ahould never be lost sight of in tlic study of mineral chemistrA-, 

It was not until after 1 had publi.shcd this view of the consti- 
tution of the thclioic felspars (a view which must also be ex* 

* Amerieaa Jounnl sf SdtuN^ Snd leraeib vol* svuL p. 370. 
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t^^nded to the scapolites), that I became aware that Th. Scheerer 
had rect iilly proposed to re>^ard all felspars as coinbiiuilions of 
anortlute with labiadorite, aoorthite with albite (orthoclase), or 
labradorite with albite*. It was gratitvmir to find that this 
distinguished chemist had already arrived at a solutiou of the 
problem of the felspars not unlike my own, but I must object 
to admitting labradorite as a distinct ipeciea, or as bavins any 
higher value than otUgodaae^ andenne^ or the felspars X. and 
Xv . in the present p^ter. 

Moiitiinl, CSsasdap 
Hndil865. 



IjI* Note on a doubtful point m Ctimatoio^^ 
By John Ball^ E§q.^ if*P. 

To the BdUors of the Ph^onphkal Magazine and JounuJ* 

Gentlemen, 

IN eommon with many persons who have paid attention to 
glacier phm9niena» I have often foond it difficult to recon- 
cile the maaa of teatiniony which aeema to indicate the continued 
ineiease and accumulation of ice and snow in certain regiona of 
the earth, with the equally strong evidence which goes to provt 
that the general climate of the inhabited portions has not sen- 
sibly varied throughout the historic period. Having hitdy bad 
occaaiou to disciss the subject with sonu'what stricter accuracy, 
I think that I am enabled to offer an explanation of the diffi- 
culty winch I am desirous of submitting to the judgement of 
your readers. 

I may commence by observing, that iu the course of frequent 
viaitB to the higher regions of the European Alps, I had been 
struck by appearanoea which indicate that, even at the present 
time» there aie certain apota of limited extent in which this pro* 
eeia of accumulation still proceeds, and where, if we only admit 
that at some period since the glacial epoch the mean tempera* 
ture of this portion of the earth was sUghtly greater than it now 
is, simple physical considerations show that such accumulation 
must have ensued. This, in fact, merely amounts to the asser- 
tion, that there arc natural re^^rrvoirs or plateaux in the upper 
regions of the Alps where the annual increase of neve or conso- 
lidated snow is greater than the aiinuul loss by melting, evapo- 
ration, and out£ow of glacier towards the lower regions. Several 
tndk inatances might, I think, be pointed out in the central 



* VoumdaFn AmuOem, voLlaiodx. p. 19, cited i» Lidng aad Kopn't 
Jakn^bmekt, 1863, p. 806. 
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cbaini and dsewliere in the Alps ; as^ for inatanee, the pkteni, 
about 13,000 English feet above the aea, which liea between the 
higheat ridge of the Monte Rosa, the Zamstein S})itz, and the 
eastern end of the Lya Kamm, or the extenaiye and slightly 
inclined slopes which fie to the east of the Pass of St. Tb^odnle. 
It would seem as if the enstence of sach centres of accomulatioii 
would alone serve to explain the fact established by the nnazd- 
moos eonent of histoty and tradition, which affirm the gradual 
extension and advance of the great glaciera throngfaoat the entire 
chain <^ the Alps, simultaneoosly with a general constancy in 
the dimatal conditions of the snnonnding countries. A few 
unimportant exceptions may be pomted out^ such as that of the 
glacier of Findolen near Zennatt, which has retrograded for the 
last forty or fifty years, while the Gomer glacier originating in 
the same ice-fields haa advanced to more than a proportionate 
extent. These cases may probably be explained by landslipa 
altering the direction of the upper portion of certain gkicicr 
streams, but they cannot invahdate the universal consent of ail 
available evidenoe as to the general extension of the glaciers. 
For this we rdy, not merely upon ooncnrrent tradition and do- 
cumentary evidence, but on the unimpeachable dedarations <tf 
those ancient tracks and paved footways which we now find in- 
vaded by ice and nivL 

But if X do not mistake there is evidence of a similar plueno- 
menon on a much larger scale in the polar regions. Some of 
this evidence afforded by vegetable and animal remuns in regiona 
now chiefly covered with snow and ice may be open to question 
as to its true date, but it appears to me that the remarkable 
and well-known facts proving a local diminution of temperature 
in the plains of Iceland and Greenland, extending over the last 
700 or 800 years, may far more easily be explained by the con- 
tinuous accumulation of ice in the upper portions of thosf* and 
the adjoining conntrics, than by any other hypothesis with which 
I am acquainted. It is true thnt, in regard to Icf^laiid^ the 
change ot climate w^hich has gradually driven out tlu rnlii\ation 
of grain and reduced the tret* vegetation to the dwari bireh scrnb 
which alone now remains, may be in some di icree connected w ith 
the enor moil outburst of lava in the eru[)ti(in of the Skaptar 
Yokul, suhstitutiug in the interior of the island a vast tract of 
surlaee of niueh greater radiating power ; but it is questionable 
wdieth( under skies so charged with clouds as those of Iceland 
are in snmnu r, this explanation can serve much^ while the arbi- 
trary assumption of a change in the force and direction of the 
Gulf-stream is scarcely reconcileable with the alisence of any 
sensible change in tlu- coast chiuatc of north-wotern Europe. 
Thia latter explanation^ agam^ can still less easily be applied to 
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Aocoimt for the change of tempentare in QreeDknd and in the 
northern part of Baffin's Bay. 

But then comes the question, how it is possible to reconcile 
tln"^ extension of ice and snow in certain regions with the 
general constancy of the moan temperature of the earth, which 
may be inferred from histuneal evidence provintr that the limits 
of cultivation of the best known vegetable products have not 
perceptibly altered fur the last 3000 years, or even a much 
longer period. If no ooamical caoaea Aave interfered to alter 
the annnal eapply of heat reeet?ed by the earth, and if no im- 
portant change has oeconed in the dimhution of hmd and ae% 
it may be thought impossible that any reduction should occur in 
the general mean temperature, such as would be implied in the 
asserted cooling down of some districts, without a corresponding 
increase of temperature elsewhere. To thi*? T venture to reply, 
that the incrcnse of alpine glacier and polar ice does im])ly an 
inrrea.se oj rnean temperature in those spots! v here the accumulation 
on/jmntes. To return to the Alps from wlicuee I started, I assert 
that a reservoir wherein the annual deposit of snow exceeds the 
annual melting and outflow, must have a mean temperatiire 
beknr the freesing-point, that before the rock or soil was con- 
stantly covered with snow or ice ita mean temperatoie must 
haive been still lower, and that the result of the aocumulatioa is 
to raise that mean temperature. 

To illustrate this, let us suppose that, instead of the intense 
dryness that prevails in the frigid regions of northern Siberia, 
between the Lena and the Jenisei, the prevalence of moist winds 
should determine a great annual fall of snow, wc cniinot doubt 
but that an enormous accumulation of n6v4 and ice would pro- 
ceed for ages until a condition was produced sinuiar to that of 
the antarctic polar lands, the mean temperature of the region 
itself would be considerably increased, while that of some neigh- 
bouring districts would be diminished, the general mean for the 
whole earth and for countries not within reach of the inunediate 
operating causes remaining unaltered. 

Not having seen this question anywhere satisfactorily discussed, 
I have offered these somewhat crude considerations to tlu exa- 
mination of those interested in its decision, and have the honour 
to remain. Gentlemen, 

Your obedient Servant, 

John Ball. 
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Lll. Further Researches iiito the Properties of the Sulphate of 
lodu-quinine or Herupuihile, mt/rf espeda/h/ in regard to its 
Crysta/lof/ruphy, with additional facts concerning its Optical 
rekUiow. By William Bird Hebapath, M,D,* 

[With a Pktc.] 

AFTER referring to the obserfatioiu of FrofeaeorB Stokes -f and 
H aidinger as well as to papers already published by him- 
■elf on this subject in the Philoaophical Magazine, the author gives 
an account of a set of prisms perfectly complementary in their 
optical characters to those previously described by him, and 
proves this fact by an elaborate comparison of their various op- 
tical relations ; trom which it appealed, that whilst the a-prisms 
(those dcsciibcel 111 the Pliilosopiiical Magaziiie for March 1^52) 
were tutaiiy iiiijiLTvious to a beam of polarized light, reiiectcd 
from glass plates, wheu the plane of the length of tlie prism was 
at right angles to the plane of primitive ])olarization, the /i-prisms 
(those now exninined) were equally absorbent of a vertically 
polarized bi iiin, w hen the plane of their leuglh lay parallel to 
tiiat oi primitive poianzatiuo. Sec rhite 111. diagram 11. 

These prisms may be readily made by the following process :— — 
Dissolve 10 grams of disulphate of quinine in half a fluid 
ounce of spini \uiic, having 3 grains ot bcii/oic acid dissolved 
in it also; add 2 drachms of water and warm the whole to 
complete solution, then upon adding a few drops of spirituous 
solution of iodine and pkcmg in repose, prismatic crystals having 
the following propertiet are prodneed: — 

1. When two aie croiaed in superposition at right angles to 
each other or even at 80^, the overlapped spaoe is black " if 
the crysUda ate auffioiently thick, but reddiah-brown or vio1et*red 
if very thin; in these respeets they perfectly coincide witfa the 
•-prisms. PL UL diagram III. 

2* When eammined by polarised Ught reflected from glass, 
the vertical crystals now appear blacky whilst the horizontal 
prisms sie almost perfectly transparent to the polarised beam. 
PL m. diagpum IL ^. 

8* Upon introducing the selenite stages beneath the prisms, 
those which previously obstructed the polarized beam and 
appeared black,'^ transmitted the ''red'' or '*blae'' eokmvs 
of the selenite films, whilst the transparent, horizontal prisms 
exhibited the complementary colours, vis. the green or yellow. 
PL 111. diagrsm IL fig. ^. 

* Reprinted from the Abstracts of the Papen eommimieated to the 

Boyal Society of London. 

t lu a paper read at Belfast before the Batu»U Association (Atben. isept. 
1852) by Prof. Stokes. 

X In Poggendorrs AwMkm, Jum 1853, sad Phil. Mag. Oct. 1863, by 
M. Haidmger. 
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The last two completely decided their complementafy chancter^ 
for whilst the ^-prisms were "black/* "red^ or **brae/' wh«i 
the planes of their length wefe vertical, the M-prismewere black/^ 
''red'' or blue'' whilst the planes of their length were hcfi" 
mtaUy placed. Fl. IIL diagnun IL figs. 1, ^,^,ak, 0. 

4. Bat by mixing the two prisms upon one slide their perfectly 
eamplementary character was completely demonstrated, tor when 
an tt^prism was crossed at right angles by a ^S-prism, the square 
ipace whcfe Ihey overlapped was still transparent to common 
hght ; bat if a /S-prism were oterlapped by an a-prism, the length 

the two being parallel to each other^ the oblong space where 
they overlapped became black from their doably absorbent pro* 
perties ; in shorty the optical examination fuDy proved the com* 
plementaiy character of these ccyatals length for length. PL III. 
disgnuns IL lY. Y. & YL 

ft was farther shown that two varieties of hexagons existed; 
those prodaced from strong spiritaons solutions were longer than 
broad, and possessed two acute angles of 65^ and four e^ual 
angles of 147^ SC/. Examined by a vertically plane-polanaed 
betnty these were ''black" when a line passing through the long 
diameter or acute angles was parallel to the plane of primitive 
polarisation : these the author called " acute " or ^-hexagons. 
The hexagons produced from acetic acid solutions^ on the other 
hand, were "obtuse" in their clKiracter, and had two angles of 
115° and four equal angles of 122° SC, These, when examined 
hy vertically plane-polarized hght, werr nlways " black " when 
a line passing through the two angles of 115^ was perpendicular 
to the plane of primitive polarization : the author called these 
" obtuse " or a-hezagons. PL III. diagram L 9, 0, 

The rhombic crystals which presented themselves were also 
"black (examined in the same way) when their long diameters 
kv parallel to the plane of primitive polarisation, but transparent 
when they were rotated 90°. PI. III. diagram I. figs. 1,2,8,& VI. 

It was also shown that the doubly absorbent powers of the 
primary rhombic crystal extended more or less on each side of 
the vertical position, through an arc of 60°^ so that npcm rotating 
a crystal through the whole circle, there were two arcs of 120°, 
in which the crystals were more or less darkened, and two of 60° 
each, in which the light passed through without loss; this 
transparency was of course at its maximum when the longer 
diameter of the rhombic plate lay in a horizontal position, and 
• grrj.flnally became less evident thron<i:h an arc of 30° above and 
below this line. By a careful measurement of tlie anjrles of the 
Various cr^'stailinc fnrrn^ and by the results of their optical ex- 
amination^ it rppmrcd that they may all be obtained from the 
right rhombic prism, the acute angle of which is 65° and the obtuse 
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115°, the major axis being to the minor as 1*67 to 1^ whOit the 
prism itself had Bcarcel^ appreciable length. It was a mere 
rhombic scale; but considered as a short prism, the axes were 
P4«i> ^^iT7> ^ qwitity for P* not being abeolotdy deterw 
minable in conBeqnence of its miability and minnteness. PL III. 
diu^ VU. fig. 1. 

It appeared also that the o-prism and obtose hexagon were 
the results of truncation of the acute angles of the primary 
rhombic pkte or prism by planes at right angles to the plane q£ 
primitive jpolariiatlon, when the eiystsls were ''black/^ when 
examined by vertically Diane-polarised light ; whilst the /3-prism 
and acute hexagon resulted fiN>m truncation of the Mute an^ea 
of the same primary form by planes parallel to that of primitive 
polnrisation, the ciystals being ''black'' when examined by a 
vertically plane-polarized beam; and that the octagmial and 
square plates, and rectanguhur parallelo^;nun resulted &mn ^e 
coincidence of these truncation planes m the same individual 
form. PL IIL diagrams L II. k Yl. 

It was shown that the solvent medium had the power of 
developing these truncation planes, and it appeared that water 
produced the o-truncation, and spirit the ^-truncation ; and if 
the two opposing forces of water and spirit were made equal in 
intensity, they neutralised each other, so that the pure primaiy 
rhombic prism resulted without truncation. 

It was further shown that hyponitric sether developed other 
crystalline forms^ converting the rhombic plate into one of 75^ 
and 105^ by truncation planes upon the acute angles of the 
primary rhombic plate, cutting oS portions equal to half the long 
axis, and leaving the shorter or transverse axis untouched. By 
this means the new •rhombic crystal appeared " black " when 
the longer diameter was at right angles to the plane of vertically 
polarized light, as if it had been rotated through 90°, whilst it 
absorbed tbe polarized light as before. PI. III. diagram VII. fig. 2. 

As from the exammation of certain rectangular quadrilateral 
prisms of the a and varieties, it appeared that llerapathite 
possesses doubly absorbent powers of nearly, if not perfectly 
equal intensity, in directions coincident with all three rectangular 
axes P*, M" and T", the uuthor inferred that the development of 
their optic axes could not be reasonably expected in these direc- 
tions. He considered that the biaxial systems of rings would be 
found to exist in thicker crystals [when discovered), having 
triangular replacement planes upon the solid angles, either of 
tlie ttiiorter or longer oblique diaTnotcrs of the right rhombic 
prism, and the results of these optic axes would i}c seen in a di- 
rection perpendicular to these surfaces oi replacement. PI. IIL 
diagram YXi. figs. 3 & 4. 
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Tlie various formulae necess&ry to produce different crystalline 
forms arc given in detail. 

The author enters into a re-discussion of the double refractive 
powers^ and attempts to show that Herapathite possesses a prin- 
cipal axU having " positive " chameAm* He alao endeavouKd to 
measure the thiekness of certain very thin plates, bv the differen- 
tial tints prodnced by the exercise of their douoly refirsctinic 
powers upon the colours of the selenite stages, and found that 
these thin plates raised the blue of the second order to the yellow 
and violet ; the red of the second to the violet and blue-gray ; 
nnrl the green of the same to oranc:e and violet of the second 
order. Assuming, therefore, this substance to have simihir 
doubly refracting powers to selenite, and of equal intensity, arul 
also the same index of refraction, their thickness may be catiuiatyd 
a« equal to that of a plate of selenite necessary to give the same 
difference in tint, viz. '000517 of an inch. 

These very thin plates no longer possessed the Cantharides- 
like or brilliant melldlic green colour when examined by reflected 
light. They appeared more like portions of the elytra of the 
Blatta germamcai still reflecting a polarized beam, but of a 
brown ookur, and also retaining their doubly absorbent powers 
when examined by transmitted light. 

The author considers that his recent investiirations indicate 
that whatever properties; Profp'^sor Stokes may have assigned to 
the rny reflected from the a-prisnis (which alone were experi- 
liicuted on by him) in tlie principal plane of the breadth, must 
be equally true in that reflected from the primary rhombic prism 
in the principal plane of its lengthy t. e, its long diameter ; and 
whatever properties he may have assigned to the reflected ray 
lipom the principal plane of the length of the «-prisin, will 
equally true of that reflected frcnn.^e primaiy rhombus in the 
princ^sl plsne of the breadth, t. e, its short diameter. 

The paper concludes with some recently determined facts 
relating to the chemical characters of this peculiar substance. 
Its sp. gr. at f>0^ Fahr. wr\s found to hv 1'895. 
It is very sparmgly soluble in a-thcr, turpentine or water at 
the ordinaiy temperatures, scarcely more than w^\j|jdth part; 
boiling water does not dissolve j^'g^dth part. It does not appear 
more soluble in aether or turpentine by boiling. Chloroform 
does not dissolve it, but has a great attraction of surface for it. 

Mohd of *837 dissolves ^^^th part at 57^ Fshr., and by 
boiling, it takes up j\jth part^ whidl readily crystallises on 
cooling in i9*hexagons. 

Acetic aad, sp. gr. 1*042^ dissolves yi-^th part at 60° Fahr., 
and i^th part at boiling temperature-Hiodine volatilising if the 
beat 18 prolonged. 
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Diluted mtfyhme tM, sp. gr. does not diBBolve it «t 

tlie ordinary temperatures^ but does so readily with the aid of 
heit. Su^hwric acid, sp. gr. 1*845^ rapidly dissolves it. 

Diluted hydrochloric acid has but little action on it, but when 
oonoentrated, it almost instantly reddens, without dissolving it ; 
upon boiling, it forms a yellow solution, from which minute^ 
dark, opake, radiating aciculse deposit on cooling. 

Nitric acid immediately decomposes it, even in the cold ; upon 
raising the temperature, iodine at first volatilizes ; then nitrous 
acid vapours are evolved. Iodine is pi-obably partially converted 
into iodic acid. 

Hydro-sulphuric acid passed through its alcoholic or acetic acid 
solution at once decomposes it, converting the iodine into hy- 
driodic acid, with separation of sulphur. 

Alkalit'S and alkaline earths in solution at once decompose it, 
remoiing the sulpliuric acid and leaving a Naples yellow residue 
containing the quinine and a portion of the iodine ; a soluble 
iodide of quinine is also formed m ammoniacal liquids. 



LIII. 7%tf Theory of the Moon's Motion. — Resttlts of a Third 
jipproximation. By the Rev. Professor Cuallis, M,A.,F.R,S,* 

IN two previona communications I have shown in what man- 
ner terms that may increase indefinitely with the time are 
introduced into the development of the radius-vector; and what 
processes arc proper for avoiding them. That this is an import* 
ant point in tne lunar theory is evident from the circumstanoi^ 
that the occurrence of such terms has in a great measure rego* 
lated the course which the solution of the problem has taken* 
It has been thought necessary, in order to get rid of them, to 
introduce a priori into the investigation eqiressions suggested 
by the observed motions of the nodes and apses of the moon's 
orbit. (See Ponttoulant, Thiorie de la Lune, Chap. I. No. 6.) 
But it is certain on genend principles that there must be a course 
of reaaoning by which the expressions appropriate to the {ttohlem 
may be developed without the necessity of any assumption re- 
specting their form; and as the solution I have commenced in 
this Magasine appears to be of this kind, I propose now to cany 
it on to a higher approximation. Although this method mmy 
lead to no numerical rcsidts differing in any sensible degree from 
those already obtained, I cannot but think that it is worth while 
to give to a problem of so great mterest and importance as logical 
a solution as possible. • 
For the sake of clearness, I shall first recapitulate the previoua 

* Gommvniested by the Author. 
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part of the argument, and add such addit ionul elucidation as it 
may seem to require. In the Suppleoient to the Philosophical 
Magazine for December 1854 (p. 521), nn exact first integral ot 
the differential equations is obuimed by neglecting the eccen- 
tricity of the sun's orbit. Then, after neglecting also the incli- 
nation of the moon^s orbit to tlie plane of the ecliptic, two equa- 
tions (a) and {i/) are found, which, if we omit terms multiplied 
by the first and higher powei s of the ratio of the moon's radius- 
Tector to the sun's mean distance^ reduce themselves to the fol- 
lowing: — 

3P+r2j^ + C^--j-=-^-f -^(H-C082^) . (A) 

d.r^(^^n')^-^^nR2i>dt (B) 

In these equations r is the moon's radius-vector at the time t, 
and, $ being the moon's true longitude at the same time, <f> is 
the excess of ^ above n!t+^ the sun's mean longitude; /a is the 
sum of the attractions of the earth and moon, and m! is the sun's 
attraction, at the unit of distance ; a! is the sun's mean distaneei 
■0 that €f^n!^=nif ; and C| is the constant introdaced by the in- 
tegration above mentionea. 

The above limitations are made for the sake of simplicity, my 
object being to eihibit a method of solution rather than to obtain 
munerical results* By taking account of the ecoentricity of the 
sun's orbit and terms of the fourth order containing the ratio of 
r to a', the investigation becomes much more complicated, but 
iuTolves no processes differing in principle from those required 
nnder the proposed limitations. The terms depending on the 
moon's latitade may lie considered separately on a future occasion. 

The equations (a) and (B) not admitting of exact integration, 
are to be integrated approximately, and the approximation is to 
proceed both acoordii^ to the eccentricity of the orbit and the 
mstorbing force. Hence the first approximation to the orbit is 

a circle de&cnbcd by the action of the central force ^. If a be 

the ladina of the circle, it will be readily seen that 

These values are to be used lor substitution in the small terms of 
(A) and (B) in order to proceed to the next approximation, which 
I have hitherto called the first approximation, and for the sake 
of tiniibrmity shall continue to designate in the same way. In 
this approximation it is proposed to obtain values of the radius^ 
wtoc and true loDgitnde to the first order of small quantities. 

dB2 
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ConBequenily the value of ^ most indade all small quantities 

of the second order. 1 have shown that by merely malcine^ use 
of the equation = + €, the following equation may be obtained, 

— 2*"*"^"^^' . . . . (C) 

in which G is put for C|— 2ti'A, C, and h being the acbi- 

trarv rnnstaiifo introdiicrd by tlic intej^ration. ft may here be 
reiiiarki dj that as this (qiiation was obtained by proceeding to 
small quantities ot the second ordi i*, it is needless to retain the 

general value of r in. the term — Putting a for r in that 

term, and substituting C for C— we have 

This equation gives by integration^ 

r=:a(l cos — + T) a^^-e sin -f, 

Hence bv substituting; for O its valae. and putting m for the 
ratio of J 



>v substituting for O its valae, and putting m 
r to n, it frill be found that 



But as the appTOximation gives the values of r only to the first 
order of small quantities, the above value of a is not true to 
small quantities of the second order, and in fact is not confirmed 

by the next approximation. Hence we have simply ^* 

It is cvidcut that the orbit, as detenninod by this first aji- 
proximation, is a fixed ellipse of arbitrary eccentricity e, aiul that 
if IS bo the longitude of tlic perihelion, the values ol the radius- 
vector and true longitiuio are the following: 

r«a^l cos(it/ + ^ 
^ssn/ + €+2tfsin (n^+e— w). 

These values are to lie substituted ni the small term^ of the 
equations (A) and (li) to proceed to the second approxnnation. 

In the Supplement to the Philosophical Magaaiue for i>eo6mber 
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1854 []). 527), T have shown how by iiiclndiiii^^ smnll quautitieft 
of the third ordei, the following equation is obtained : 

fi^a*e(dco6(29— |»)---oot(29+j})), . (CO 

q being put for n/ + e— n'^ + e', and p for nZ + e— «r. Now the 
mean apddal distances may be detined to be the values of r for 

which the part of which is independent of the sun's longi- 

tnde, vanishes, the mean distance to be the mean between the 
two apsidal distances, and the mean eccentricity to be the ratio 
of the difference between the mean apsidal distances to their sum. 
Hence by equating to zero the left-hand side of the above equa- 
tion^ we have the equation of an orbit in which the mean distance 
and eccentricity are the same as the mean distance and mean 
eccentricity of the actual orbit, and which is proper for dctcrnii- 
ning the motion of the apses. Putting the equation under the 
form 

it will be seen that the int^;ration cannot be exactly performed 
if the general value of r be retained in the small term. The 
equation might, however, be integrated by condnicting the ap- 
proximatioii solely according to the disturbing force, in the 
numoer I have exhibited in tlie' Philosophieal Magasine for kst 
Febmary (p. 182). But that process woald here be illegitimate, 
because the equation (C) was obtained by approximating accord* 
iag to the eccentricity as well as the disturbing force. The fol- 
lowing is the process reqabred by the strict mles of approxima* 
tion. If « be the mean between the two apsidal distances, and 
rsa-fr, by hvpothesis v will be a small quantity. Hence put 
for r in the foregoing ( quatiou, and in the small term ex- 
pand to the first power of v, because the approximation includes 
small quantitie s of the third order. Or, what is equivalent, 

simply put a + r—a for r in the small term, and expand to the 
first power of r^o. The equation will then become 

r*^+A'2-2/iV + Cr^=0, . . . . (D) 



wbercil^a5A*H~g— , Bndfif=:/4+nf"A By integration this 
equatioa gives 
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C* 

r««(l-«00B^), ^,(<+T)-ifr-e«ii^, • 

imd if ens -j, the apaidal motum in one rerolution of tfaemooa 

from an apse to the same a])S(; again is 27r(l— e). 

These inferences having been drawn froni the mean orbit 
defined by the equation (D), we may proceed to integrate the 
equation (C^) in the manner T have employed in the Supplenu iit 
to the Philosophical Magazine tor Deceuibir 1854, the quaTiiiiy 
p now representing cnt -{-e—'sr. The resulting value of r to 
ftmail quantities of the second order is as follows : — 

o \ 

1— «cos/>-f -g^ — cos^— m^cos^^ h 
Mao since to the same approximation 

we have by integration. 

Hence by the detinition of n. 



Also 



3m«\ 



becauiic by the former approximation ;i^a^ = fi, and h=na^. CoD« 
sequeutly to small quantities of the second order^ 

«=f«j(i+«.) 

. 1 w . "»• 
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Bui by the above yalue of ^, s 1 — ^ + — nearly. Henee 
H Mows that 

Here it is to be remarked, that we have arrived at a value of 
e whieh is not true to the seoond order of small qnantitieBi the 

trae valae, as is well known^ being I — The explanation 

of the above result h, that the approximation has not been car- 
ried fnr fiiont^h to deterniiiie the value of c to the second order 
of small qiiantitier^. The first term in the development of the 
radias-veetor wiaeh coiitaiiis cisecoa (cn/-f t — -gt) ; and il, after 
putting 1 + a for c, this term be expanded according to powers 
of m, tne second term of the expansion contains the factor em, 
which if « be of the second order, is of the third order* Conse- 
quently, as our approximation only extends to quantities of the 
second order in the development of r, it does not embrace the 
value of c to quantities of the second order ; it only proves that 
that quantity contains no term of the first order. Uence^ as Uat 
as this approximation shows, c = l. 

In the j)aper already referred to (p. 528), I have shown how, 
in the second approximation, to take account of terms which rise 
in value one order by integration, and havti obtained the follow- 
ing complete value^^ uf r and ^ to. the second approximation : 

-=1— «eo8j»-|-7r- — -^cosSto— »'ooe2g g— cos(2o— o) 

These are the valnes to be employed in proceeding to the third 

approximation. ' 

Before entering upon the next approximation, I propose to 
indicate another nietliod of obtaining the above values of r and 
^, which will be foniul to he convenient in the higlu r approxi- 
mations, and adapted to the consideration of the terms that rise 
in order of value by integration, lu this method it will th st be 
necessary to inquire in what way terms of that kind arc intro- 
duced. It is plain that they must be terms the argument of 
whose eiieolar nmetion is a multiple of q—p, and that^ as shown 
by equaliona (A) and (B)^ such terms rise in value bv inte^pration 
when they occur either in the expression for r^sinSi^ or m that 

for j^. It may be readily shown that terms of the form Acos2p 

in the value of and of the form A'ainS^ in the vahie of ^ 
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give rise to tenns of tbe form Mco8 2(g— /?) in tbe value of 
r^8in2^. Also a term of the form Beo62(g— and of tlie 
tliird order in wUl prodnee a term of the same fotm and of the 
second or jier in the expansion of 0* Let us, theieforei sappooe 
the vaLaes of r and *f>j which are to be snbstituted in the small 
•terms of the equations (A) and (B) for a seoond approximatioD, 
to be the following : 

•as 1 cosj) 4- A coe 2p + B COB — p) 

^ = ^ + 2« sin /I + A' sin 2}9« 

On pnin<x tlirou^li the calculation, retaining terms of tlie 
fourth ord( 1 winch involve the argument the following 

mult is found tor the equation C : 

n'^a^ -^3e cos (2^ — ja) — e cos {2q + j>) + 

In order to integrate this equatiooi assame 
^sl-.ecos|>+2 .Poos 

and snbstitate in the first sida of the equation. Then by making 
the terms of like argument identical, different corresponding 
yalufis of P, Uf and are found, which determine the different 
terms of the development of r. Those of the development of 6 
may then be obtamed by integration. For the valiiet as2, 
fizA^l, there rdsults 



4e \4tn m r 



aiu] A is the coetHcient of ros2^> in the development of and 
A' the coeihcient of sin %p in that of wc have 

A=-y, A'=:-j-, and P= g-. 

The cm respondmg coefiicient in the development of ^ is plainly 

-f It appears also that the coefficient B is <^ 

that the coefficient of the term containing theargument 2(9— |») 
in die expansion of 6 is reduced to lero. 
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Third Approximation. 

Small quantities of the fourth order are now to be included. 
Hence from the eumplete values of and (j> given by the seeoud 
approximation, it is required to obtain valnrs of r^cns2<^ and 
r^sin 2(f> to the second order of snmll quaiilities for substitution 
in the risrht-hand sides of the equations (A) and (B). By the 
01 Ji nary processcs of approximation the following results will be 
obtained : 



~i cos 2^= cos % + e(cQd{2q — 3co8(2 g — /?)) 

(5 5 \ 

— ^ co&2q + cos2(j + cos 2(<^ 1 

-^tncQ^ cos (4^-i>)- ^ cos;?^ 

+ m^( — 4--g-cos4g I 

ft 

^ till dn 2jr + c(wn (2g +/>) —8 8m(2y — ;?)^ 

|-Bm25r+8in2(5r+;,) + -|.aiii2(sr-;))) 

^ /ir) . , 15 . \_^8w« . , 

+ i -g- sin (4^ — I?) — -g- sm/?^ + -g- am 4^. 

By substituting for sin 2ip in the equation (B)^ and then 
after integratuig and squaring the mult^ replacing ^ ^nf by its 
approximate value following equation is ob* 

uiued: j^d<f)^ (h 

{/5 \ 5tf* 

+ co82a -i- ^ (3006(2^ - 5 cos (2 jf -p))-2m "-^^ 

+««(-^oos2^+0Cos2{g+|?)- jCos2(g-j>)) 

(7 25 75 \ 

goo§(2g+i>)-6eos(2g-;>) + -g-co8(4^-j>)-.^co8i?^ 

+ |co8(2g~;>) -^eo8(2^-3/;)) 

-(il-^-)}- 



2 
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When the valae of given by this equation and the fore- 
going value of cos 20 are substituted in the equation (A), there 
will be foimd on the right- hatid side of the equation the follow* 
iDg quantity whkh does not contain the son's longitadey vis. 

3fi«<i«/ 67iii« . 15me \ 

After substitutiug for « cos its approximate value I'^p 

qnantitj is to be transferred to the left-hand side of the equation. 

Then putting a + for r in the small terms, and expanding 
4; + r— a so as to include small quantities oi tiic iuiirtb ordcr^ the 
finid result is 



where 



e\- 3C08(2(7+/?) +2eo8(25f-;?) j + '^^^i^-P) 
+ c«(y C082jf - ~ C082(g + ^ C082(g 
+«»(- ^cos(2ff+|i)+6cos{2jr-|i)-|co8(4g-|i)) 



0 4 



Gcaseqaently the equation applicable to the mean orbit is 

£-?-¥-^-<^ 

which gives by integration, 

r=fl(l— ecos'^), — |^(/ + T)^"«^ — t^hiii^. 



a 



OH* 
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and if en^s the apsidal motion in one xerolutionof themoon 

tt27r(l-c). 
Sinee by the second approximatioii 

2 2 

the foregomg valaea of fc'^ nud C become 

In these valuer the terms of fourth order are to be rejected, 
because the present approximation extends only to quantities of 
the third order. Ueuce it wdl be fuuiul that 



Jliis i rsult proves that the expression for corUatns no term 
iwolving nr'. 

.Again, in obtaining the value of c, terms of the tJurd order 
are to be oDuLied, because, for reasoES already adduced, this 
thu'd approximation can give the \alue of c only to terms of the 
second order. Now to that order we havc^ as in the second 

approximation, wa^ss/* ^1+ Uence 

9fii« 



^n 



and 88 o«=^ti+2>»^) and ^^=1+^ _ J nearly,itwiD 

be seen that 

whidi is the known appraimation, obtained by a atrieUy dedne* 
tiiepioeeis. 
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It vvouki lead mc iuto too coaipllcatcd calculations^ to add to 
tlic equation (C") the tcrais of the fifth order which receive s^iiiaH 
deiiomiuator8 by integration, aud to obtain the complete values 
of r and 0 to the third order of small quantities. I have indi- 
cated abov e a process proper for this purpo.sc ; and having made 
trial of this process to some extent, I found terms of the third 
order identical with those given in Pontecoulant's Lunar Theory. 
In fact, I have no reason to conclude that mv solution differs m 
ultimate Hiiulytical expression from previous solutions. The 
order of the reasoning differs from that of any former method, 
and is, I think, strictly logical. There is also one important 
particular iu which the reasoning itself is unlike that of any 
other method. I have commenced the process of approximation 
alter obtaining an exact intei^ral, which had not been previously 
discovered. On that inte<i;ratiou, and on results to wliich it leads, 
depends the proof of the new theorem 1 have pubiisiied respect- 
ing the relation of the eccentricity of the moon^s orbit to the 
disturbmg force. I proj)o^^c to conclude the present communi- 
cation with some further consideration of this point. 

In the riiilosophical Magazine for February (p. 135), I have 
adduced the following argument to show that the eccentricity of 
the moon^s orbit has a special value determined by the disturbing 
force. The fluctuations of value of the radius-vector, as the 
moon returns in successive revolutions to the same longitude, 
depeiid of) tlie disturbing force in such a manner that the change 
in each compe te revolution would vrmi^l: if disturbing force 
vanished. The total fluctuation, in the case ot" a iniitonu apsidal 
motion, is the same in all directions after a lariro iinnibcr-of 
revolutions of the moon, and (l( ]Knds })nth on the partial fluc- 
tuations and on the interval during which they are additive or 
subtractive, that is, on the rate of motion of the apses. Hence 
as the motion of the apses, as well ns the partial £uctuationS| 
would vanish with the disturbing force, it follows that the totid 
fluctuation in any given direction, and consequently the crreTi- 
tricity of the orbit, is a quantity which contains the disturbing 
force as a factor. This conclusion does not hold good when the 
force is wholly central, as the orbit in that case may be a circle, 
and the eccentricity is consequently not restricted to one vahio. 

If the foregoing general argument be true, the same conclu- 
sion must be obtainable in a special manner in the course of the 
investigatioq of the moon's motion, and I am ready to admit 
that the new theorem is not established unless it can be so ob- 
tained, it willj therefore, be worth while to inquire bow far the 
theorem receives support from the results of the third approxima- 
tion* First, it may be remarked^ that aa it has been pi-oved that 
the expression for contains no term involirmg w^f if the.artn- 
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traiy constants C and h satisfy the equation C/*'=/a*, the con- 
sequent value of the eccentricity is the same as that given by 
the second approximation. Thus the third approximation is not. 
contradictory to the second. At the same time it is ineapableof 
establishing the truth ui* the theorem, as appears from the fol- 
lowing: considerations. 

In the method of treating tlie lunar theory which I have pro- 
posedj no use is made, ay iu previou« methods, of the radius- 
yector and luugkudc of an assumed rcvoh ui<^ ellipse ; but instead 
of this process, the tenns ct)ntaining the sun's longitude are 
separated from those wliieh do nut contain it exphcitly, and the 

dr^ dd 

former b^ng omitted in the values of ^ and equations are 

formed wliich delinc the orbit that I have called thf^ mean orhit. 
These equations, as given by the third approximation, are the 
following : 

dB 

The development of ^ was foond to contain an additional term 

i!idf]>cndcnt of the siur's lungitiulc, but as it is of the fourth 
order^ it IS omitted in the third appro.viaiatiyn. 13y the above 
two equations the mean orbit proved to be a revolving ellipse 
h^ 

fat which ess -7-9 and the value of hl^ already obtained shows that 

to the second order of small quantities 2*=! — Xt thus 

appears that the apodal motion is deduced in the third approxi* 
nation from equations which are the same in form as if the force 
inere whdly central, and consequently, so far as this approxima- 
tion showS| the eccentricity is arbitrary. But on proceeding to 
the foverth approximation, the term above mentioned must be 



taken into account, in consequence of whi^h is no longer 

constant for the mean orbit, and the force cannot be regarded as 
wholly central. The mean motion of the apse and the form of 
the mean orbit are now dependent in part- on a tanyential force; 
aiid it is perhaps not too much to assert, that under these cir- 
cumstances the mean orbit cannot be a circle, and consequently 
that the eccentricity is not arbitrary. Again, the process by 
which I obtain the \ alue of c ap))ears to indicate that in suc- 
ceeding approximations, this quantity will be a function of e 
and m. If so, it cannot be a function of m exclusively, unless 
the arbitrar)' constant C satisfy the condition QJl^ = fi^. It would 
be necessary, however, in order to settle these points, to complete 
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the fourth approximation, which would require an amount of 
calculation that I am not prepared to undertake. I must con- 
tent myself with having thrown out these suggestions. 

If the equation CA^=/i* be true, it follows as a consequence 
that the equations (C), (C), (C), &c. contain the disturbing 
force as a factor. In my first researches I endeavoured to show 
antecedently that this is the case. But on reviewing the reason- 
ing on this point, given in the Philosophical Magazine for August 
1854, and in the Supplementary December Number (p. 524), I 
find that the inconsistencies in the approximations to the mean 
distance and mean motion of the apse there spoken of, disappear 
when due regard is paid to the order of magnitudes proper to 
each approximation, and in consequence that the argument 
founded on the occurrence of those inconsistencies is invalid. 
This point is fully cleared up in the present communication. 

Cambridge Observatory, 
AprU 16, 1855. 



LIV. Note on tJie Mineral JVilsonite, 
By T. S. Hunt, of the Geological Commission of Canada^. 

IN the Supplementary Number of this Magazine for July 
1854, p. 199, 1 published descriptions and analyses of two 
minerals occuning in crystalline limestone in Bathurst, C.W., 
one of which I proposed as a new species with the name of Wil- 
Bonite. It was described as forming rose- red, translucent, clea- 
vable masses, probably monoclinic in crystallization, with a hard- 
ness of 3*5, and a density of 2*765 to 2*776. Lustre \itreou8, 
shining occasionally, pearly on the cleavage surfaces. One of 
three analyses gave silica, 43*55 ; alumina, 27*94 ; oxides of iron 
and manganese, "20 ; lime, 6*50 ; magnesia, 3*81 ; potash, 8*37 ; 
soda, "95 ; water (loss by ignition), 8*61 = 99*93. With two 
other specimens the amounts of silica, alumina, magnesia, and 
alkalies were vei*y nearly the same, while the loss by ignition 
was 9*40 and 9*00, and the amounts of lime respectively 6*94 
and 6*72. 

The subsequent examination of more perfect specimens in the 
possession of Prof. £. J. Chapman has shown him that this 
mineral is triclinic, with inclination to the right, and he has 
kindly furnished the following notes : — " I give you as approxi- 
mations, the following angles from cleavage faces by the common 
goniometer P : T = 94« ; P : e= 145° ; T : c= 129° ; P : M and 
T:M = 110° to 115°. Cleavage with P and T perfect, less so 
with M ; the cleavage with e is not easily obtained^ but is very 

♦ Commimicated by the Author. 
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distinct and even. Hardness^ 8*5 on the more facile cleavages 

and then combination edges; 5*5 on the ends of the prismatic 

concretions. Density, 2*77 

Prof. Cliiipinan also pointed out to me the existence of inter- 
mingled carbonate of liuic in the specimens which I had previ- 
ously analysed, and showed that the loss by i2:nition was in part 
carbonic acid. I have since found tliat tlic llncly pulverized 
mmeral yields up nearly the w hole of lU lime with efl'ervescence 
to cold ailutc hydrochloric acid, which docs not attack the sili- 
cate. This still retains its rose colour^ and is a h\ drous silicate 
of alumuia and potash with a little magnesia. Tlie iollowing: are 
the results of the analyses by myself of two specimens, purilied 
hy dilute acid (one being from the same mass as the one given 
above), and a partial analysis of a third specimen by Prof, H» 
Croft, which he has kmdly commumcated to me. 

T. II. HI. 

Silica . . • • 47-50 47-70 47-42 

Alumina . . , 31-17 31*22^ r34-80 

Magueaia . . . 4'25 4- 14 J \ •73 

Lime • . . . 1-51 -39 '4Si 

Potash .... 9-22 9 38 

Soda .... -82 -95 
Water (by ignition) 5-50 5-85 

99-97 99-13 
The mineiBl freed from carbonate of lime aeems to be constant 
in imposition ; and from its crystallisation and density, as wdl 
from ita chemical constitution, to pertain to the felspars. 
MoBtml. Usidi 22, 1855. 
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[Continued from p. 309.] 
Jannafy 18, 1855.— Sir Benjamin Bindie, Bart* in the Chair. 

THB IbDowiog communications were read 
On the Dote upon the ValTes of the Biatoniacen.'' By 
^. W. Griffith, M.D.t F.L.S. 

- In a former paper, it was stated that the marlnngs or doti 
upon the valves of the Diatomace», are the optical ezpressiDns 

of depressions existiDg upon the valves. 

All those antbors who have pnid special attention to the Diato- 
mnronc, bnvo considered tlic markings to denote cells ; among these 
we iind i!^hrenberg*, KiiUuDgf* Halfst, iSmith§, and Quekett|(. 

■ • Die Infusionsthierchfn. f Die Bacillarien, and Spes* AlgSIOBI* 

X AdbaIs of Nat. UUtQiy, $ British Diatomicea^ 

I Hklological CMslsgiis of the College of Saigcont ; and Lectures delivered 

Mie Oe Colkas sl8Bt|iiaii 
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The evidence I adduced in record to the more coarsely marked 
Diatumaceu.% a:: Isihmia, 6lc., bcmg furnished wilix depressions and 
not cells, ii, I believe, satisfactory and conclusive ; and this view 
has been admitted in a pap^ since read before the Royal Society*. 

A differeat view has been taken of the nature of the finer mark* 
ino:^, as those upon some species of Gyrosigma, by the author of the 
paper last quoted, as by previous autliors ; and the object of this 
note ia to direct attention to the support which the extended view 
aigued for by me in the paper above referred to, viz. that the finer 
maridnge also correspond to depressions, derives from analogy. 

The stnicture of the Diatomacese, and thdr modes of reproda€» 
tion, are, as is well known, remarkable; — so much so, that these 
organisms have been claimed by botanists as members of the vege- 
table, and by zoologists as belonging to the animal kingdom. The 
preponderance of evidence is decidedly in favour of their vegetable 
nature ; but, be this as it may, fhey must all be classed together, — 
they forui a perfectly natural &mily. Hence we have a strong argu- 
ment in favour of tbc markings upon their valves being identical, 
and as these are evidently depressions in the j^ctiera and species with 
coarsely innrked valvp« ilstkmia, &c.), we sh ould <.\])ect from ana- 
logy tiiut the !>amG would apply to those with iiutr maikings. And 
this view receives further support, from the fiset, that under varied 
methods of iUuminatioB, corresponding appearances are presented 
by the markings when viewed by the microscope, from those uhich 
are very large, as in Isthmia, throuc^h those of moderate and small 
size, as in the species of Coscinodiscus, down to those in which 
they are extremely minute, as in the species of Gj/rosigma, &c. The 
angular (triangular or quadrangular) appearance assumed by the 
fflftfkiags, arises from the light trsnsmitted through the valves being 
unequally oblique. This may be readily shown in the more coarsely 
marked valves (Isthmia, Coscinodiscus), which present the true 
structural appearance when the light h reflected by the mirror ia 
its ordinary position, and the spurious angular appearance when the 
light is rendered oblique by moving the mirror to one side. 

Uesearches on the Theory of Invariants." By William Spot- 
tiswoode, M.A., F.K.S. 

Invariants may be regarded from two points of view, the permu- 
tations! and the functional. According to the former they are con- 
sidered as arising from a process of permutation, aox>rding to tiie 
latter as dcrivative° from other functions. In this paper the latter 
course ia adopted ; and the following is an outline of the method 

Let ass/(«»y."V.» 
he any homogeneous function of the degree n of the variables 

s, y, in which ^§jt^,» ..multiplied by their rcpj^ective mul- 
tinomial coefficients are the coefficients of xf , . ^ x""' y^' Let 

x,y, .. undergo any linear transformation, and let /, m, V, wf, »•» 
be the coefficients of transformation i also let 

* Pioessdlflfi erfhe Bsgral Soeisiy, Jane 15» 1894. 
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l>»»r4+»>" ^ 



■nd 



win be respectively equal to the combinations of /, m, . . m', . . , . . 
by which the as arc multiplied in . Again, let / represent a 
function smiilar toy, excepting that in the iormct the muitinoinial 
ftre dropped ; then if 



4 d \ 



□ m 



1.3..(fi<-a).1.2.../3., 

Now tlift fimdaiiieiitel condition of in?arianee is expreMed hf the 
SNlowiDg cqpuition 



=F(^. n«^L.» D.jB^., ..)U, 

U»F(aflt|9.., fla^^ , ..), 

tndthe problem conaiata ia determining the coefficieutt of U» This 

the quai4ity within brackets being the coefficient of 



Then if the term be selected in which »=f^=:..=:l, and if A ^ be 
•o transformed that it shall appear as a function linear in each of 
PkiL Mag, S. 4, Vol. 9. No. 60. May 1855. 2 C 
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the system! 



Royal Soaeiff, 
^2;i=(00), ^«::-as(01).. 



then i^. n<^^^. n,.0^.. 0«ji,.. ..=1 

•nd U wfll be at oaee given by the equation 

Thtft method has been applied in the case of two variables to the 

calculation of quadratic and cubic invariants. 

But in the case of two variables the cocfficieut a may be expressed 

by a series of s) inbuk wUh a siugle butiix, thus : 

Now since A is of the same degree in f, 7n, nnrl in /*, m', the coeffi- 
cients of nil power? find products of a, , a , .. in which the degree of 
/, m is above or below tiiat of /', jn\ will vanish in the invariant. And 
frum thiia and some other considerations it is shown, that not only 



but til at tin? coefficients of the invariant may be calculated from the 
equations axx:>iug from equuLiii^ lu zero each term of the last equa- 
tion above written, operated npon by the symbol >. This always 
giTes a system of linear equations for finally determining the coeffi- 
cients. It does not appear possible fully to explain this method 
witliout entering into more detail^ than can be given in an abstract. 

From the general equations for so determining the coefficipnt«, the 
number and degrees of the distinct invariuut^ belonging to any given 
Itinction may theoretically be determined ; and this baa been done 
for the simplest case* yiz» quadratic functions. But the expressions 
for higher degrees appear so complicated that an answer to this im- 
portant question chh hardly be eiqpeated from thia method, in any 
case not Hlrcady known. 

llie view ol invariants here taken has suggested a series of other 
lunetloiia of wUch invarianta ftnrm the laat term, lliete functions, 
which I propose to call Variants, may be thua expressed. If 
iiuustions of the degrees r, #, (r, #, being ksa than a) ha?e in- 
variants of the degree m, thi^ writing 
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of which the last is a simple inwiant* since, 4)iiiittiag the factor 
»(•-!). .2.1, 

« * « # 

With the exact relation hetween these fonctioiis and oowiants I 
«n not at furesent acquainted. 

Jan. 35, 1856.^The Lord 'Wrottesley, Flresident, in the Chair. 

The following oommnnieations were read : — 

" On the Natore of tiie Force by whiefa Bodies are repelled from 

the Poles of a Magnet ; preceded by an Account of some Experi- 
ments on Molecular IiifliieDoes."^The Bakerinn Lecture. By John 
Tyndall. Ph.D.. F.R.S. 

The i>aper commencee with an introdnction, \n which the present 
n'>pect of the portions of science to which it refers is briefly sketched. 
A ^^cf tiuii is devoted to the examination of the magnetic pro[)crties 
of wood, u hich substance, the author hads, except where extraneous 
iriijiunties are present, to be always diamagnetic, and to set in the 
magnetic field with its tibre equatorial. The influence of the shape 
of pointed and flat poles is studied, and those curious phenomena of 
iotBtioa« first observed by M. Plucker. and attribated by him to the 
action of two conflicting forces, are r e fe rred to moleetuar structure 
aa a cause. Between flat poles, it is proved that the Hne joining the 
centres of the two poles is the line of mtsMiatM force ; that is to say, 
the force increases more quickly from the central point of the mag^ 
Be tic field in an equatorial direction than in an axial one. Reflect* 
ing on the great diversity of opinion at present existing with regard 
to the real nature of the diamagnetic force, the author deemed it 
necessary to commence at the foundation of the inquiry. A funda- 
mental question in the jre^-ent case is the following: — Are dia- 
magactic bodies repelled by a magnet in virtue of any constant pro- 
perty possessed by the mass ? Is the force in question a mere repul- 
sion of ordinary matter, or is the repuUiun exciciiicd in virtue of a 
State of magnetization into which the body is first thrown ? This 
^neiticii is answered in a manner which admits of no doubt. 

H ia proved that the repulrion of diamagnetic bodies inereaaea in ^ 
a quekar imtio than the strength of the magnet which produces tiie 
npnbion. ¥i^lhin wide limits, indeed* the fepnlak>n, instead of 
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being mmply proporti(mal to the strength of the magnet. U pro|ior- 
tional to the eqaare of the strength, whieh leads ine^tably to the 
conclusion that the body thus repelled contributes to the effect pro- 
duced ; that its repulsion is due to an excited condition into which 
it is thrown by the influencing magnet, the intensity of this excite* 
ment varying within the limits already referred to, as the strength 
of the mnj^net which produces it. This conclusion is further arrived 
at by a close com]>nr!son of the repulsions of diaraac^netic bodies 
with the attructiun ot paramagnetic ones: both are found subservient 
to one find the same law. 

It is next proved that the diamagnetlc excitement produced by 
one pole ot a magnet nut the state which enables a pole of an op- 
posite quality to repel the substance : — that each pole induces a con- 
dition peculiar to itself, or, in other words, that the excttement of 
diamagnetic bodies in the magnetic field is <tf a dbo/ character. 

ThMe points being established, a searching comparison is inati* 
tuted between the phenomena exhibited by paramagnetic and dia« 
magnetic bodies in three distinct cases first, when oi)erated oa 
by the magnet alone ; secondly, when operated on by the current 
alone ; and, thirdly, when operated on by the magnet and current 
combined. A bar of iron was, in some of these cases, compaTed with 
a bar of bismuth, but it was soon found necessciry, in order to avoid 
the proved errors of rcasoninsr, to take ?«trict account of the mole*' 
cular structure of the bismuth. A bur oi this substance, cut in a 
certain manner from the crystallized mass, exhibits between the 
poles of a ma^pet precisdy die saM visible deportment as a bar of 
inm, while it is wdl known that the nonnal deportment of bbmntik 
is opposed to that of iron. The author, in his eiaminatkin of tJbe 
points before us, divided paramagnetic bars into two distinct rlfoco, 
and classified diamagnetic bars in the same manner; one elaan he 
called nersMif, and the other class abnormal, A normal panunagiMtie 
bar is one which sets its length from pole to pole in the magnetic 
field, and a normal dinmap^netic bar is one which sets it? lenu^h at 
rit^ht ang^lcs to the line joining the poles. An abnormal magnetic bar, 
on the contrary, is otic which sets its length equatorially ; while an 
abnormal diamai^nctic bar is one which sets its length axially. 

In all cases, whether operated on by the magnet alone, tlie cur- 
rent alone, or the magnet and current combined, the deportment of 
the nonnal paramagnetic bar is precisely antithetical to that of die 
normal diamagnetic one. In Uie magnetic field the former acta 
axially, the latter equatorially. Operated on by a voltaic current* tbe 
former sets its length at right angles to the current, the latter seta 
its length parallel to it. When magnet and current act together on 
the bars, it is found that the disjiosition of forces which produces a 
deflection from ri^rht to left of the paramagnetic bar produces a de- 
flection from left to right of the dinnmpfnetic bar. It the jio^ition 
of equilibrium of the former be from N.E. to b.W., the position of 
equllil)rium of tlie latter is from N.W. to S.E. In short, the posi- 
tion of rest for the normal magnetic bar is alway's at riglit angles to 
the position of the diamagnetic bar. A precisely similar antilhc&i^ is 
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obterved when we compue the almormal paramagnetic bur with the 

abnormal diamagnetic one. Hie former, in the magnetic field, sets 
f^'inr on'iilly, the latter axially. The former sets pu^Edlel to an elec- 
tric current, the latter perpendicular to the same. If tlie deflection 
of the former be from right to left, the detiectiou of the latter, under 
19te conditions, is from left to right. Fmally, the position of equi- 
fibrinm of the former is always at right angles to that of the latter. 

But if the deportment of the normal panunagnetic bar be com- 
pared with that of the abnormal diania'/netic (me, it will Ix; toniid 
that they are in all cases identical; and the same identity of <h j orl- 
ment is exhibited when tlie abnormal paramagnetic bar is compared 
with the normal diamagnetic one. The necessity of paying atten- 
tion to structure in experiments of this nature* could not, it is imap 
gined, be more strikingly exlulHted. 

It is ])roYed by these exj^erimcnts that the simple substitution of 
an attractive force for a repulsive one would completely convert the 
phenomena exhibited by paramagnetic bodies into those exhibited 
by diamagnetic ones ; that if that which Gauss has railed the Ideal 
distribution of magnetism in an iron bar be reversed, we have a 
ifistribntion which would produce the phenomena of a bismuth bar 
of the same dimensions. All the phenomena of diamagrnetic bodies 
become eqiinllv intelligible with tho?p of paramagnetic ones, when 
we a?siiiae tliat the former class pos^ess n polarity the same in kind, 
but the opposite in direction, to that oi the latter. . i 

It l» well known timt a bar of iron aunrounded by a hdiz in which 
a voltaic current circulates is converted into a magnet, and exhibits 
that trooness of action, — those phenomena of attraction and repulsion 
at its two ends — to which we give the name of polarity. The 
present paper contains an account of experiments made with the 
view of ascertaining whether similar phenomena were exhibited by 
a bar of pure bismuth. A cylinder of the latter anbstance, 6^ inchca 
long and 0*4 of an inch in diameter, was suspended by -a suitable 
device within a helix of covered copper wire, so that It could vibrate 
freely from «ide to side. The ends of two electro-magnetic cores 
were brought to bear upon the two ends of the bismuth bar, and it 
was so arranged that the two magnetis poles acting upon the bar 
might be of the ^^ame or of opposite qualities. Tbe helix being first 
excited by a atrong current, a current of considenbly less power waa 
sent round the electro*magnetic corea, and their action upon the 
bismuth bar was obsen'cd r by means of n [rvrotropc the current in 
the helix was reversed, and the effect ot tlie reversion noted ; per- 
mitting the current through the heiix to flow in its last direction, 
by means of a second gyrotrope, the current which excited the cores 
was reversed'; and finally, while the last magnetic polarity remained 
unaltered, the direction of the cunrent in the helix waa once more 
diangcd.and the consequent deportment of the bismuth bar was noted. 

In making these e.\i)eriment8 and exercising some judgment in 
the choice of the relation between the strength of the magnets and 
the strength of the current in the helix, the mo&t complete mastery 
waa attained over the motions of the bar. With one disposition of 
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the forces the ends of the bar of bismuth were promptly repelleti, with 
another arrangement they were juefc as promptly atiraeM, U, when 
nMmng towaiSs the corei, the direction of the cnnent in the hdiz 
was revened, the motion of the bar was at onoe arrested, and attrac- 
tion was converted into repulsion. If, while receding from the bar. 
tiie direction of the ennrent in the helix was dianged. the receasioii 
wa? stopped and the ends of the bar were attracted. The sane 
results were obtained when, instead of changing the direction of the 
current in the helix, the polarity of the electro-ma^'netic core? was 
reversed. When the latter were so excited that poles of the same 
quality were presented to the ends of the bi«imuth bar, the repul- 
f^ioii of the one pule was balanced by the utti action of the other, and 
under the iutluence of these opposing furceb the bar stood still. 

Pursuing the argument further, a south pole and a north pole 
were oansed to act simnltaneoasly upon €ack end of the iMemadi 
bar; supposing one end of the latter to be repelled bj a south p6^^ 
tiien, on the assun^tion of diamagnetic polarity, the same end 
would be attracted by a north pole ; and permitting both poles to 
act upon it simultaneously from opposite siim, we may anticipate 
^t the force tending to turn the bar will be greater than if only n 
single pole were used. To test this conclusion, four electro-mag- 
netic cores were made use of ; the two poles to the right of the bis- 
muth bar were of the same name, while the two to the left of the 
J>ismuth bar were of an opposite quality : with tiiia arraiii^ement the 
mechanical action upon the bar was greatly augmented, and the fore- 
going anticipation completely verihed. 

The bar employed in these experiments is unusually large, but it 
does not marie the practical limit of success. All the rcmilts obtained 
with this bar were obtained with another solid cylinder of biamutb 
14 inches long and 1 inch in diameter. The coiiesponding expeii. 
ments were made with bars of iron, and it was always found that the 
amngement of forces which caused the attraction of the ends of the 
paramagnetic bar caused the repulsion of the ends of the diamngTietic 
one; while the di«?po«ition which caused the repulsion of the end? 
of the paramagnetic bar j^roduced, in the most manifest manner, 
the attraction of the ends of the diamagnetic one. As re^vi ds the 
abstract question of polarity, the only difFercnce between iron and 
bismuth is the couipuratively intense actioii of ihc former, in the 
cu23e of a magnetic body, whose capacity for magnetization does not 
exceed that of bismuth, and in which coercive force is equally nb» 
sent, no proof can be adduced in fsTonr of the polarity of thefonner 
body that cannot be matched by proofe of equal value in tmsp ie» 
apect of the pohrity of the latter. 

The objections that have been and possibly may be used agahut 
diamagnetic polarity, are next considered, and some obsenrations are 
niade on the constitution of the magnetic field. The relation of 
our present knowledge of diamagnetic action to the theory of Weber, 
and to Ampere'- hypothesis of molecular currents is stated; and in 
conclusion, the author dwells briefly upon those points of duunag- 
netic action wherein the views oi iM. Matteucci differ from lus own. 
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"On Differential Transformattoa and the Eerersion of Serieaet." 
Bj J. J. Sylvester, Esq., F.R.S. 

With a view to its publication in the Flroceedingaof the Sodetj, I 
take oocaabn to communieate the resoll of my inveatigationB, as far aa 
they have yet extended* into the general theory of differential trans* 
formations, containing' a complete nnd irenernl sulutlon of the import- 
ant ]iroblom of expanding a given partial ditfcreiitial coefticicnt of a 
function in respect of one system of independent variables in terms 
of the partial differential coefficients thereof, in respect to a second 
lystem of independent Tariahlea, each respectively given as explicit 
functions of the first set. 

Tliis question may be shown to be exactly coincident with that 
of the rever?*ion of gimultaueous scrieses proposed by Jacobi, which 
may be thus stated: given (^n-^i) quantities, each expressed by 
lational infinite serieses as functions of n others ; required to express 
any one of the fiiat set fai a rational infinite series in terms of tihtf 
other n of the same set. This qaestion has only been resolved by 
Jacobi for a particular case ; the result hereunder given for the trans- 
formation of differential coefficients contains the solution of the gene- 
ral question. Mv method of investig^ation is entirely different from 
that adopted by the great Jacobi, and I hope in a short time to be 
sible to lay it in a complete form before the Society, and probably fo 
add m solution of the still more general question comprising the re- 
version of serieses as a particular case, viz. the question of exprm- 
ing any one of n quantities connected by 01 equations in terms of 
any (» — m) others of the .same. 

Let there be any number of variables, say u, v, w, of which x,y, g, 
^ are given fttnctions« it is required to expand 

in terms of the partial difiereutial coeihdents of or, y , * in respect 

of u, r, IV. 

Form the deCennuiant 

dx dx dx 
du 4v dtf 

4 ^ ^ 

du div As 

dz dz dz 
du do dw 

wUeb call J. 

The required expansion will oontun in eaeh term an integer nome- 

ricai coedicient, a. power of j, one factor of the form 

is ay aj*- 

and other factors of the form 
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^^V f£Y fAy 

\du) \dv) [die) ^ 

fdy fdy^ f dY 
[duj [d^J [^J 



Let the latter class of faetori be diitiiigiitshed mto two teti, thote 

where Z+m+jissl. 

fli.il=0 m=0 »=0^ 
or/=0 m=l 11=0 
or IsO M=0 nssl^ 

which I shall call uni-differential factors, and tluMW m 
+ n 7 1, which I shall call pluri-differential factors. 
First, then, as to the form of the ^neral term abstracting; from 
the numerical coethcient and the uni-differential factors (except of 
COtine to far as they enter into J). This will be as follows :— 



fdV'^rd 



) idv) 



\dwj 



[duJ [dvj \dw/ 

^ (,du) [dr) {(iir) ^ ^ J-* 
subject to the limitations about to be expressed. 
Call i/,+</,4....4.% sLi 

and form the analogous quanLiLies M,, Mg, M^; N^, N,, N,, Then 

we must have 

=/4-5' + A + p, 4- e.+<fa ; 
and as the sum of any group of indices m, n must be not lees than 
2. we have 

/-|-jr + A + ^, + e,4-e3+P + 9-l-r. not less than 2e, -(- 2<'5 + 2<?j. 

so that fj + ^j + ^a must not exceed /4-y-r -^^H-p + j+r; furthermore, 
p -f J -h must not exceed f+g-k-h \ and finally, 

+ A + ^1 + *3 + ^1- 

1. We may first take pj-f-fj-f e,=:E, giving to E in succession all 
integer >'alues from -|- A to 2/"+ 2^ + 2A, and find all possible so- 
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lotioDs of this equation with permutatioiis between the veloee of 

fit f%t <*3' 

2. We may then take p-J-^-f r=^, giving s in succession all in- 
teg^er values trc^m 1 to f-{-g-^h^ and find all possible solutions of this 
©quaiiuii Willi permutations between /, h. 

3. We may then take L+M + N=/+^ -f A + E— ^, and find all 
tbe veluee of L, M» N, with pennutations allowable between the 
falnei of Ij, M, K. 

4. We nay then tike 

L, +L^+L|=L 

Nj+N, +N3=N. 

Mid solve tilt several equatioiu in eTery way possible, with per- 
mutations as before. 

5. We must take 

''i+«ii+..+%=L, »«i+«»i+..+X=sN, 

%«Li »Wf+«i»f .... ^a,— M, «a,+ X ^h=N, 

'/j+'/j .... %»Li »W5-l-««, .... %i,=Mj »n3+'«3 ^3=N, 

and Mlve in every possible manner tbeae equations, but without ad- 
mitting pennutations between the values of i/| ^/^ or between 
die values of the members of the other of the third aeta taken each jmt 
If, and subject to the condition that every such som as %+*'fN|+''*t 
moat be greater tlian unity* Bvery possible system of valnes of 
the^e nine Bets will fuiniah a eoirnpondtng pliui-didBerential part 
to the general terra. 
Next, as to the uni-differential part, we may form the quantity^ 

49* im dm dn) \Si' 4ft dit ThiJ \4ii 4v 4iAo) 



c 



'4s dx di djc\^tfdz dx dz dxXi^fdz dx dz dx^t 

iv dw dw dvj \(Iw du du dw J \du dv dv divj 

djt dy dx dy\^/dx dy dx dyV^fdx dy dx dy\*^ 

,4v 4w dm do) \4m 4» du dm) \4u do dv dm) 



where X, -|-X,-l-X3=L-fp 

T^ie eqnationa are to be aolvcd in every poidble manner with 
pennntatir^n? between the members of the X set, the ^ set, and the 
r Mt. Finally, we have to consider the numerical coefficient. To 
give a perfect representation of this, we must ascertain what identi- 
ties exist in the factor? of the pluri-cHfTrrpntinl part. Let us sup- 
pose that one set of operators upon x is rep( ;itcd 0, times, another 
fl, times, and so on, giving rise to the powers t/,, f>3,.....0a in the x 
lioe. Similarly, form 0^ ft* "*^f^ V 
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from the 2 Uiie. Then the numerical part of the general term witt 
be 

X n(L+;0"(M+ g)n (N4.r) 
a'/,a>initi*iiiOs/iU'^ii^, w< 
ni||a)iN^[ii%n«i;ii%R,n%i .... 
ni/3nim3n>n3m/3a%R,Q% .... 

x_ P 

where in general Urn means l,2.3...m : a* regards D» it is the fol- 
lowing detenniiiaiit, viz. 

^ ^» + /'a + »'» M, N, 

r V Xj+fij+^'s Ml N, 

\i X3 L|HrI^ ^' 

fi K, I', f r N,-fNt+K,+r 

The result, for greater brevity, has been set out in the above pages 
for the case of ^, a faacUou of three variables, but the reader can 
have no dii&culty in extending the statement to any number. In 
the case of a single variable, the ftmnula can easify be identiM 
with that given by Bunnaii's law. It is notioeable tJiat tkt deter* 
minant above written is of the form 

Apqr 4- Bpq + C + Dqrp -j- Epe + + Gr, 

the part independent of j3, q, r being easily seen to vanish. More- 
over, A, B, C, D, E, F, G, H are «dl essentlnlly positive, so that D 
can only vanish (except for jjssO, r=0, y = U) by virtue of one con- 
dition at least more than the number of the variables. 

Feb. 15» laSS.^-Thomas Bell. Bsq.| V.P., in the Cftair. 
Hie following commnnications wei« read 

**On the Computation of the Eflfect of the Attraction uf Mountain* 
xnas&eB, aa dibtuibiug the apparent astronomical latitude of stadons 
in Geodetic Surveys." By George B. Airy, Esq., F.R.S., Astro* 
nomer Royal. 

'Hie aa&or tfumniences with leimlmig that Us surprist hadboMI 
ezdted by tin letfolt obtunsd by Arohdeaoon FMt^« MUAdy, tfasi 
tilt cotniNiled attraction of the elevated coaaliy nortb-east of India 
considenbly eieeeds the distnibance which it was sought to explais. 
BkI on consideration the author perceived that thisnsult might hare 
been antieipaitedt on the estensivfly vecdved Mpposition th«t the 

* FroccediDgt of Ihe SogFH So€iet7» Deombti l» IBiit 
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iateiior of lSb» esrUi is k dense fluid or seoii-fliiid (winch §ai mnvtt- 

nieiioe he calU lava), and that the exterior enut floats upon it. For, 
he remarks, this crust cannot be supposed at an\' ]»art to he very high 
upwards (as in mountains), at least to any gixat horizontal extent, 
unle&s there is a corresponding projection downwards into the lava. 
Upon making a numerical calculation, even -with the crust lOOmilea 
thidi, it was shown that there would be such a tendency d the 
tible-land to cnck and sink in the middle as no cohesion of focka 
can resist. He conceive? that the state of the e:roiiTKl may be pro- 
perly illustrated by a rati of timber floating on waUr : if one piece 
of timber projects higher into air than the others, wc are certain 
dial it also projects Vamvt into water than the others. Assuming 
this as estaUished^ then it is evident that the horiscmtsl attraotioa 
cl a mountain- mass on a point at a considerable distance is nearly 
evanescent, because the increase of attraction of the part whirh is 
above the l^i iieral level is sensibly neutralized by the deticiency of 
attraction below it where the lighter crust displaces the heavier lava. 
In like manner, the horizontal attraction of a ship or other floating 
body 10 nothing. But the horizontal attraction upon a near point 
OB the earth's surfiue will not vanish, because the nKMnitain which 
produces the ]io?iHve attraction is nearer than the lava-displacement 
vhich j>roduci'S the negative attraction: even licrc, however, the 
etiicitrut disturbing attraction will be much less than that compute 
by considering the dimensions of the mountain only. 

Note to a paper entitled "Contributions to the Anatomy of the 
Biachiopoda," read June 15,1854. BylliomsaH.Huxley.Bsq.rPJtS. 
My attentioii having beoi called within the last two or tmee days, 

to an error in my paper on the Anatomy of the Brachiopoda, 
pnblished in No. 5 of the Royal Society's Proceedings, I beg to be 
allow ed to take the earliest opportunity of correcting it. At p. Ill 
oi that paper the following paragraph will be found : — 

- In 1843, however, M. Vogt's eUborsta Memohr on Lmaula ap- 
peared, in which the true complex structure of the ' heart in tUo 
genus was first explained and the plaited ' auricle' discrindaated 
from the 'ventricle;' and in 1^45, Professor Owen, having; appa- 
rently been thus led to re*examiae the circulatory organs of the 
chiopoda," &c. &c. 

Now, in point of fact, though M. Vogt iots describe and accu- 
rately figure the structures called 'auride' and 'ventricle' in£6i- 
fala*t yet he has not only entirely omitted to perceive their con- 
nexion, or to indicate the * anricular' nnttire of the former, but he 
expresfily slat s that the so-caUed * hearts' are " simple, delicate, pyri^ 
form sacs" (p. 13). 

1 presume tiiat my recollection of M. Vogt's figures was more 
vivid than tiiat of his text ; fiir having been unable, notwithstaiiding 
repeated endeavours, to re-obtain the memoir when writing my papcr» 
1 Ult justified in trustiDg to what sccned my very distinct reooUectioii 



* Neoe D«nkftchriften der aUgemeinen Schwmehitchea <j&6eii>diaft fur die 
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of its sense. I had the \es& hesitation in doing this, as in M. Vogt't 
subsequently published ' Zoolo^ische Briefe*/ he gives the received 
interpretatiun to the parts of the ao-called 'bearta* without any in- 
dication of a change of opinion. 

I make Btatement in explanatum of what might othenriae 
seem to be great eareleaaness on my part, and for the purpose of 
further pointing out that M. Vogt not having made the BOppoaed 
discovery, it is qtiite impossible that Frofeseor Owen's namnhtM 
should have been suggested by it. 

Feb. 2'3» 1855.— The Lord Wrottedey, Plreeideat. in the Chair. 
The following oommnnieation was read 

" On the Temperature and Density .of the Seas between South- 
ampton and Bomh:iy vid the Medirerrnnenn and Red Seas." By , 
MM. Adolphp, Hermunn, and Robert Schhigiiitweit. 

In this commuDication the authors give the results of the observa- 
tions the^ had made daring their voyage, reht^ to the tempefature 
and specific gravity of the sea-water» both near the anrface and «t 
depths ranging from about 18 to 30 metres, the latter being nearly 
the p^reatest drptli which the motion of the vr-;?c] ])crmitted them 
to re ic h. They reserve for a future report their observations on the 
temperature and moisture of the air, as weU as the results of two 
experiments on the quantity of carbonic add contained in the air uu 
llie Mediterranean and Red Seas. 

The instniments employed in the observations here described 
were as follows : — 

(1.) Four tlicrmomctcrs which had been carefully compKred at 
the Kew Obser\'atory previous to the authors' departure. At Bom- 
hay they repeated the determination of the zero-point and of an- 
other standard point, tnd found that the thnmometen had not 
varied. 

(2.) A dipping apparatus constructed by Mr. Adie, TTiis appa- 
ratus, which held 5 or 6 litres, wa? furnished with two valves, so 
arrano:ed that as it descended the water passed Irecly through, but 
as soon as a couimencemeut was made ui drawing it up the valves 
dosed and rendered it water-tight. The authors assored themselves 
that the temperature of the enclosed water did not sensibly change 
during the process of drawing it up. 

(3.) An areometer from Mr. T. G. Grciner at Berlin. This in- 
strument permitted the ppecific gravity to he read oflT directly to 
three places of decimals, and the fourth could be supplied by e&Uma- 
tion. 

To render the observations of specific gravity comparable with one 
another, it was necessary to reduce them to a common temperatnre, 

which occasioned some difficulty, as the exact expansion of sea- 
water between the limlrs 'JO^ and 25° C. was not accurately known. 
By means of a delicate vuiumiuometer, constructed for the purpose 
by M. Oeiesler of Berlin, the authors determined the expansion to be 

* Franklinrlr 18&1» vol. i p. 285. 
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0 000271 for 1*" C. For distilled water Halstrdm had foand 0-000219. 
Another set of more direct experiments, made at iioaibay, gave for 
the expansion of sea- water 0*000337. The difference between this 
value and the preceding the authors refer to a change of Tolome of 
the volominometer itself, and they prefer the latter, which accord* 
iogljr they uae in their reductions. 

T^e authors then give tables of the results of their ohservatbns, 
which are followed by some general remarks. 

Atiaatie.^The temperature of the Atlantic was found to be—* 

From lat. 46*» to 41** N. 1 y'^'S to 1 8°-5 C. 

From lat. 39^ to 37** 20** to 21° C. 

Mean specific gravity reduced to 17^*5 C.sa 1*0277. 

The temperature and specific gravity showed very little variation 
in the open sea, so long as no currents were met with, but in the 
▼icinity of land, disturbances of various kinds were noticed. In 

harbours and in small bays the temperature of the water was found 
to diminish sensibly at a depth of from 15 to 20 metres, but in the 
open sea the temperature at the very surface ^vas generally found 
somewhat lower than at a depth of 30 metres, which no doubt^was 
doe to evaporation. 

Straits of Gibraltar. — A current with a mean velocity of from 
three to six miles an hour usually dows through the Straits from the 
Atlantic into the Mediterranean. A counter current is supposed to 
eiiat underneath, but the great depth of the Straits prevented the 
•athofs firoffi reaiching any such current with their dipping appap 
ntns. 

East of the Stndts the water of the AUantic was met with in 
semal places, in close proximity with water of the Mediterranean, « 
from which it was distinguished by its temperature and colour. The 
itream from the Atlantic ou ffffiTTg the Straits seems to dii^ide itself 

into several branches. 

In connexion with the variability of the currents in the Straits, it 
is worthy of remark that the unreduced specific gravity of the water 
of the Mediterranean and of the Atlantic is nearly the same. 

Mediterranean : — 

Aom the Straits of Gibraltar to Maita;— 

Temperature of the water 21^*7 to 22^0. 

Specnfic gravity reduced to 17^*5 C, . I'0267. 

From Malta to Alexandria — 

Temperature 23° to 24° C. 

Reduced specific gravity 1*0298. 

Red Sea. — The maximum of specific g^ravity found during the 
voyage was in the northern end of the Gulf of Suez, 1*0393 (re- 
duced) . 

From kt. 27° to 23' N., temperature 24" to 2S° C. : reduced sp. gj. 1-0315, 
Prom Iftt. 22" to H** tcmperaluic ^0 Lu j (J. : reduced sp. gr. 1 0306. 

Hilraits of Bab-ei-Mandeb, — The water of the Gulf of Aden being 
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leM dense, though colder, than that of the Red Sea. flows into the 
latter on both iidet of tfaflUtfid of Perim. Th» colder water could 
be dotactod half a dogree north of the Stiaits. After some Anther 
idDaiks abont thia emmt, the anthoia pasa oa to Ae 

Arabian Sea — in wMeh they fbnnd 

From long. 44® to 50^ Eaat from Greenwich, Unip. 28° 8, reduced sp. gr. 10275. 
ftom the merid. of Cape GuardaM to Bombay, temp. 27^ to 28% red. tp.gr. 1*0298. 



LVI. Ini^liffenee md 3iueeUatie&u$ ArHcUfm 

ON SENSITIVE COLLODION. BY TUOMAB WOODS^ M.D. 

IK the Number of the Photognq[ihic Journal for December kat^ 
Mr. Doyle asked me a question about the quantity of the gun- 
cotton which is precipitated by the solution of salt I recommend to 
be added to the collodion to prepare it for my process. I sent aa 
answer to the siicceedini? Number of the Juiirnal, but I was not aware 
at that tiiue how much I ought to have explained, Questions since 
put to me on the same subject caused me to read over carefully the 
paper originally sent to the Philosophical Magazine of July last, and 
I fiod I IwTe Ui it made an onuMbn whieh no donbt baa Ganaed the 
prooeaa to be luuucoeMlul. When I recommended a aatorated eola- 
tion of lalt to be oaed, I meant tiieadntion to be made with alcohbl, 
. not with water. If made with the latter* it not only woold praei^ 
pitate too largely, but otherwise deitroy the mixture : and I am 
afraid auch has been the case with the operators who have tried the 
process. As my experience of the process with the iodide of iron 
. has quite answered my own expectations, and, when the proper 
solutions have been used, in the hands o+ others the promises I have 
made for it. I am tempted to rewrite the formula I use. exactly as it 
should be, at the risk of occupyinj^ too much space by a repetition. 
It umy not, however, be without ita value just, now, a^s tlie i^eai»ou is 
becoming more favourable for photographic operadona, and I know 
of no prooeaa more •enaitive or oertain than that I dcaoibe. 
meof— 

Snlphate of iron 40 gra. 

Iodide of potassium 24 gra. 

Chloride of aodiom (common aalt) 6 gra. 

Alcohol , '2 ozs. 

Strong water of ammonia 3 drops. 

Mix the powdered aalts together and add them to the alcohol, then 
the water of ammonia. A few pieces of iron wire must be kept in 

the mixttirc to prevent the iron becoming pemxidized. 

One part, of t his mixture is to be ndded to three parts of collodion 
holding in solution an nlcohoUc ^ohition of common salt in the pro- 
portion of 1 fluid drachm of salt to 4 ozs. of collodion. Or, ncfjlect- 
ing the salt solution, 5 dro})S of ch/orujunn may be added to 1 drachm 
of the solution of iodide of iron and 3 drachms of plain collodiou. 
The nuztnre of ooUodion and iodide of iron oughttobeoaedaliortly 
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lAir bttving been made, as the inm beeomet pennidixed and ipi^t 
\lf a pioloBged ooQtaet with the coUodicm. 

The nitrate of silver solution for exciting the plate should be of 
the strength of 30 grs. to the ounce of water. 

The developing solution may be either the ordinary sulphate of 
iron, or the pyrogallic acid. 

With a good lens and a good lighten almost instantaneous picture 
may be produced by this process. 

A little water of ammonia added to the hyposulphite bath brings 
out the picture more fully when a very short exposure is given. 

Sometimes the common table salt contains a little carbonate of 
loda ; if such be used in tfaepocess, it eanses cloudiness.-^Awii ik$ 
Jmrml ^fike Phoiogn^ Society. April 21, 1855. 



HETEOROLOGICAL OBSE&YATIONS FOB MARCH 1855* 

Gkimtick. — March 1. Heavy min: very fine: halo round the moon in the 
efeiiing. 2. Cloudy : rain. 3. Low white clouds : heavy rain : clear and fine. 
4. Qt*r : cloudy and fine. 5. Slight fog: very fine. 6. Cloudy and fine: foggy. 
7. Aetty: fine. 8. Very clear: fine: sharp frost. 9. Frosty; few snow-flakes i 
OlCRSSt. 10. Snowing: sharp frost at night. 11. Cloudy: rain at night. 1?. 
Chnidy: rain. 13. Fine. 14. Fine: cloudy. 15. Cloudy: rain. 16. Den&ely 
overcast : fine. 17. Fine : rain : clear. 18. Cloudy and boisterous. 19. Showery. 

10. Vogmr : very fine. 21. Cloudy and cold : hail-shower. 22: Sleet : cold rain : 
overcast: boisterons. 23,24. Cloudy and rnld. 23. Fine : sharp frost at nic:ht. 
26 Clear : cloudy : tine. 27. Very fine. 28. Drizzly : hca\7' rain. 29. Cloudy: 
dear and fine. 30. Cloudy. 31. Heavy clouds : clear and fine. 

Mean temperature of the month 37^*61 

Ifesa temperature ni Msreb 1854 42 *54 

Mean temperature of March for the lait twenly^Biiie jova... 42 *24 

Average amount of rain in March l'33inch. 

[in»t<m. — March 1. Fine: rain p.m. 2. Rne, 3. Fine: stormy and rain a.m. 
4« tint. 6, 7. Foggy. 8. Fine. 9. Cloudy. 10. Fine. 11. Fine : snow v.u, 

11. Cloady: nin wm. 13. Rain : niii a-m. 14. Cloudy. 16. Fine. 16. Fiaei 
rain aji. 17. Ctaity : rain a.m. and p.m. 18, 19. rii c. 20, 21. Cloudv. 22* 
Cloudy: anow A.M. 23--25. Cloudy. 2 G. Fins. 87, 28. dondy. 29— 31. Flas. 

Samdwick Manse, Orkney. — March 1. Showers a.m. and P.M. 2. Rain A.^f. and 
Mf. 3. Uain a.m. : drixde p.m. 4. Clear a.m. : cloudy, lai^e solar halo p.m. 
ft. Clear ajil i diHidy F.if* 6. Bright A.iff. : dear, fine p.m. 7, 8. Bright, hoar* 
ftiM KM. X ctesr, frok 9.11. 9. Bright, boar-froit aji. : dssr, drops p.m. 10* 
Snow-showers a.m. ; cloudy p.m. 11. Cloudy a.m. : snow-showers p.m. 12. Snow- 
showers a.m.: snow-drift P.M. 13. Snow a.m. : cloudy P.M. 14. Bright a.m. : 
dear, aurora pjm. 15. Bright A.M. : cloudy p.m. 16. Bsin A.if. t dondy poc 
17. Oesr am. : dsmp p.m. 18. Rain a.m. : ahowers, aurora pjt. 19. Bright A.tu t 
dear, aurora p.m. 20. Bright a.m. : clear p.m. 21. Clear a.m. : clear, aurora p.m. 
22 — 24. Snow -showers a.m.: clear p.m. 25. Snow-showers a.m. and p.m. 26. 
Snow A.M. : dear, frost p.m. 27. Snow, dear a.m. : doudy pjf. 28. Cloudy 
AJL : dcsr pjh. 29, 80. Clear A.11. sad p.m. 31. Bright a.m. : dear f.ii« 

Mean temperature of March fortwestyosight previous yssn.«. 40°'53 

Mean temperature of this month ••••••••••••.••«• •«••••«•••• 3^*61 

Mean temperature of March 1854 45 *14 

Average quantity of rain in March for fonrteen prerions yeara 8'52i]idiek 
Ths OMSB tsnqmlnre of this month ia lower dua that ot If afdi dnriuff any 
of the twssty-dght years of mv < ]> ^^rvations, except in 1837, when it was 3o°*54f 
and in ^n1^9. when iSiiasd§''a3. Ihstof Maidi Isit yssr wss ths highflit dnmv 
the whole jpenod. 
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LVU. 

ELECTRIC indartioo, tla: ▼.^-Stt:':! pr-jr*--^ -ri..^ 
electrified bodv p«:«sses« cj£ cLc-— rr : ticir:.''^^.^ n 
tnv Wlv m its viciDitv, bu bc62 tfce r:,:>r^^ ::: rar^ ^^-^sn-jz^ 
tions which would kare been fii-zt-ri '^.-n i.^.: 

insight into that pluexioiDe::^:'^^ i}r?ak:7 .•;ni::ii!ii. •um. -n^ 
adhered to. Ac^xmliiig t» c.^-t^-.i Itr^^i^s^ zrjz^ ? 
hn's theory, and acf^tcd wr:ij:*r: : .jt^siLj.c 1^*/.-"-^ - . 
ain] Poisson, the bojj i/Tm^^ed -wjll :t tii^^rir.*-* l atv i ' 
^liltii utlv from whirt it -w'j^li z z -»tr» i*---.' r- - T;i_..,:saf 
'He induction, and to ekctr.^ "it^ ^itruKri vr.- --rr: - ^.i 
iu exartlv the same uiirn^ "-t saeaiis Y \ r:*''*^ ria*'* -r" ' 
piece of sealing-wax. Acaoc' :i->t ^rtr* r--^ -rvr-.v-^-r.r . 
which an induced mnd aa ir f 'oij ur^ tl/i-r.-r; . <r 
a third body, ^xrcomcs a pon^c^sLar ^aae W r-mr,, .tri.*.-.-; s .i» 
as to render it^ inTi^f-isarkO^i i^^Mff^ar^ ijur.^ t.'S*^^:-*, 2' 
reflect that the d rzjf, tiitrtr.-j*. ^^'.-^ « 

body subject to trie '.:np> trxtjrn. ir ia.xji*r -r^.- ..-^l 

a problem not yet loired, d*x p)tru^ s^a..j*- : jr-r««2^ < . ^ 
tion, it will be evident tta^ CtTr.*n:. :xr. siv^r - : . : . r ■ 
Im, the iiiflaeiice ol thr% d^rsat ^ laanr^ ; . . 
whose distributkm b imln»Qpvii; sprjB. ii-i^ -✓Jl^ ▼ : ^ * .-.-^ 
less uadertakisg. Bat, rMBie& m m^m^ f .-u 

tion have been deputed from, iai itei^mt wjnutm ^ > 
^iyite particular cases of tfce above k-^.i Jir «r ^ jr-^A^ / 
^rmging the resoltd of erpenacm zsa; saemM^ v 
•boTC acntiooedL Tlia^ m loog csi 
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LVII. On the Action of Non-conducting Bodies %h Electric Induc- 
tion. By P. RiESs*. 

ELECTRIC induction, that womlcrfiil property wliich an 
electrified body possesses of elicitinpr tv,o electricities in 
any body in its vicinity, has been the subject of liuuiy investip^a- 
tions which would have beeu (^uite superiliioua hud the clear 
insight into that phgenomenon, already obtained, been strictly 
•dhered to. According to the conclusion deduced from Frank- 
lin'a theory, and accepted without qaestion by (Epinus, CoQlomb 
indPcMiaon, the body provided witihtwoelectrieittes doea not act 
^erently from what it would do if it were poaaible to withdraw 
the induetion, and to electrify the induced body directly, and 
in exactly the same manner, by means of a rubbed glass rod and 
piece of sealing-wax. According to this view^ every experiment in 
which nn induced and an inducing body are allowed to act npon 
a third body, becomes a particular rase of so complicated a nature 
a« to render its investigation apparently quite nsi'lcss. If we 
reflect that the determination of the electric di»U iuuUoii ii))Oii a 
body subiect to the simple induction of anotlier electrified body 
11 a problem not yet solved, nor perhaps capable of general solu- 
tbn, it will be evidmit that to aetermine, aceordiug to general 
hm, the influence of three different quantities of electricity, 
whose distribution is unknown^ upon any body, would be a fruit- 
less undertaking. But, inasmucn as the true notions of induc- 
tion have been departed from, it has become necessary to inves- 
tigate particular cases of the above kind for the sole piirpose of 
bringing the results of experiment into harmony with the theory 
above mentioned. Thus, a long time ago, I considered the sim- 

* Frora Poggendorff's Annakn, vol. xcii. p. 337. 
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plest case, where an induced body was momentarily touched by 
a utiutial one, and together with otiiers I ]iartially succeeded in 
eontrovertiug the fondnmental error aoeordiii^ to which tbe eke- 
tridty KmainiDg bound or htont in the tonched body mi nid 
to be either widiout eny action at aU, or only to act in a certain 
direction and within a certain distance. I say only partial^ 
succeeded; for although that fundamental error is no longer 
nakedly and unmistakeably pronounced^^ n mnltitude of exam- 
ples show that it is still secretly entertained, and still Tnanifests 
its prejudicial influence. The whole of the following investiga- 
tion might be reduced to a few reiteration*, were it not advisable 
to advance experiments against experiments which, in conse- 
quence of the foregoing error, have obtHint d a false signification. 

1 may here be allowed to remark, that m the discussion 
on the non-activity of induced electricity, I baTC been cen- 
sored fbr having expressed myself against the term boond or 
latent efeetricity as nanaU^ employed, md tiktt my proposition 
to abandon the use of this term has hitherto met with little 
approval : I think, unjustly. It is not asserted that a vnrong 
meaning is attached to a word, but that in other parts of physics 
a different interpretation h attfiched to this word. A quantity 
of heat is said to be latent when it has no effect upon the ther- 
inonjcter, but a quantity of bound or latent electricity has its 
full effect upon an electroscope. No doubt it is possible to 
attach a proper interpretation to an inappropriate term, but the 
necessity for doing so ought to be avoided. When, of a certain 
quantity of eketricity, a part is said to be latent, we mean that» 
besides the action of tiie quantity under consideration^ that of n 
imaUer quantity €i unlike-namcd deetiicity must be taken into 
■ooount* Bat to require such an expression to be thus inter- 
preted appears to me unadvisable* I proceed with the subject 
of the present memoir. 

Tntnellthj 12th, and 13th series of his imperishaWe "Experi- 
mental Researches, Kai aday has occujtied himself with induction, 
and endeavoured to cstabhsh the notion that induction is not pro- 
duced by the action of electricity across space, but that an eleo 
trie body acts only on the contiguous particles of an insulating 
medium, and that this action is transmitted from particle to 
parCade of that medium. Tbua induction ahould depend essen- 
tislly upon the nature of the medium which sepantes the indu- 
cing from the induced conductor^ and on this acoiant the medium 
is called a dielectric, A long time ago* I showed that ihia 
theory was untenable^ because it waa baaed upon the assump* 
tion^ ptored by eqieriment to be inconect, tnat of the three 

«> Vide liqMrforiaai der PAyfiik, 1842, p. 129. 
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qoaatttiet of dedridtjf pfeMDft idiei^^ 

i^on a neatral one, two quantities being completely occupied 

mtii oat uiotlier him no nuther aefcion; I have intiinatod that 

the experiments which ouj^t to support tihii theory may be ex- 
plained by the simultaneous action of all three electricities. Such 
an intimation appeared to rne sufficient, inasmiieh as these ex« 
pcriments belong to those eompHcated cases which were men- 
tioned at the comuiencement ot this ])aj)ei-. There still exists, 
however, an uncertainty as to the sigiiitication of a part of those 
experiments, which are the more particularly important because 
they appear to establish an essential difference between the iilr 
dnetive eetioiie of eondnetiiig and non^eondnetiBg bodkei and 
en tbat aooonni it will not be deemed aapeiAuoui to lemovethat 
uncertatntj in an experimental manner. 

In ofdcr to determine what he calls the speeifie indnctive 
capacitiea of insulators, Faraday empbyed an instrument called 
the differential inductometer^, which consists of three, or simpler 
of two, insulated metallic r^Isi s jilaccd at a short distance iVom 
one another with their lace^ par.ill. 1 ; one disc was charjL:;cd with 
i;lt^tricity directly, and the ( i - » " -tale of the other disc, which 
was chars^ed by the inductive action of the first, examined* 
M ilea between both plates, but without touchuig them, a non- 
conducting plate of shell-lac or sulphur was introduced, the 
Moont ofindnoed eleetancity was fimnd to be greater tliaa befoie« 
L «• when botii diiea ware aepaiated htm one anodier hj air 
otiif. It foDowa from other eq»erimenta made bv fmavff, 
the induction would have been diminiahed bad a ocmduct- 
ing plate been introduced between the two ; for, acooidin^ tp 
Faraday's opinion, the introduction of the conducting ^urte 
would have caused the induction to take place in curved lines 
around the edges of the plate, instead of in right lines throng 
the intervening stratum of air. 

The experiments with insulating intermediate platca have been 
repeated with various results. In accordance with Faraday, 
Knockenhauerl found, by introducing a plate of shell-lac be- 
tween two diam^ an augmentation of indneed eleetiicity upon 
tbe indneed plate, but could not eonoeive the oanae of this result. 
Iin]ler6, wbo eonaideied thia leaolt to be ineompatible with the 
eanae et the phsenomenon, found on fiemient repetition, of the 
etperiment a diminution of die indneed electricity, and ascribed 
the results of both his predecessors to crvora in the (eating of 
the kindofdectrioi^ here excited. 

* Esqperimeiilal Resesrches, 1307. t Ibi4 1218. 

t Pogg. Ann. vol. li. p. 126. 

p. 61. 

2Dd 
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In order to give eertam and nnequivoeal rmlto^ the eiqieri- 
ment in qnestion vsquiret some care when arranging the appa* 
ratns; which I will consequently describe at length. Two 
metallic discs^ insulated on glass pillars^ were placed vertically 
on a tahle with their faces turned towards each others and both 
parallel to the edge of the table at which the cTpcrimentcr sat. 
The second or most distant plate was connoclccl, hy means of a 
wire 18 inches long, with a gold-leaf t lcctrosc()[)c ; and in finer 
evperiments, with a dry-pile electroscope, and the hrst or nearest 
disc was charged with positive electricity. The electroscope in- 
dicated positive electricity^ which was removed by uninsulation. 
If, during the course of the ezpeciment, the quantity of indneed 
electricil^ on the disc in oonneiion with the eleetroecope was 
increased, in other words, if the induction of the chaij^ed diae 
was apparently itra^fihaied, the electroscope again indicated 
poriiwe electricity ; on the contrary, if that induction was appa- 
rently weakened, it indicated negative electricity. In order to 
avoid all uncertainty about the result thus obtained, the electro- 
scope was uninsulated after the change in the induced electricity, 
and the indication of the ekcirtu^co]>e obser\Td after tiie cause of 
this change had been removed : here an indication of positive 
electricity proved that m the original experiment the induced 
electricity had been dimiuished ; oi negativ e electricity, that the 
induction had been increased. After every experiment sueh a 
dieck was' applied, so that no doubt can be entertained as to the 
c or r e ctness of the ohaervations. At first two metallic discs, 7*21 
inches in diameter and 0'06 inch thick, were used, whose distance 
asunder was 1*1 1 inch. A disc of shell-lac, 7*21 inches in dia- 
meter and 0'33 inch thick, which had received a smooth reflect- 
ing surface by pressure between two glass plates, w-as fixed by 
means of a clamp to a glass pillnr, 5 inches long; the latter was 
covered with shell-lac and turned on a point, so as to admit of 
its being placed in any required position between the two metallic 
discs. When the disc of shell-lac, after being divested oi' ail 
electricity by means of a spirit-lamp flame, was brought in the 
middle lietwe»i the two dues and made ooneentrie mUsh them, 
the gold-leaf or dry-pile eleetroseope showed that the induced 
electricity upon the cfisc in connexion with the eleetrosocjie waa 
considerably inctetued. On the eontrary, when the disc of sbell- 
lac only occupied a portion of the intermediate space (a spindle- 
shaped portion about half an inch in breadth), and its greatest 
part remained without that space, the induced electricity was, 
although only slightly, yet quite decidedly diininished. 1 iru i • 
tiou this, because whatever may be the constitution and sliajjc of 
the interposed disc, the electroscope always indicates a ilumnu- 
tion in the amount of induced electricity at the moment wiicii it 
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coinrs l)f'tv\Ton the metallic discs, a diminution wliich will be dis- 
regarded in the following rxpriinicnts ; this experinunt alone, 
however, is necessarily at variance with the assumption, that 
the induction of a char«':cd metallic disc is stronger through 
shcll-lac than through air, inasmuch as no reason can he assigned 
why a small piece of shell-lac should weaken an action which a 
greater piece strengthens. The ex})criments described at the 
end of the present memoir will fumish the explanation of thiB 
remarkable ])h?cnomcuon. 

In order to operate with smaller intermediate plates, the large 
metallic discs were replaced by smaller ones, 4*46 inches in dia- 
meter, at a distance of 1*65 inch from one another. Here, how- 
ever, an important influence on the result of the experiment was 
produced by changing the position of the clamp. On this account 
the clamp was abandoned, and above the metallic discs a metallic 
cylinder 3 inches long was fixed, in whose axis a metallic rod 
could turn softly; this rod carried at one end a round nut for 
adjustment, and at the other a clamp 1^ inch long. With 
respect to this clamp, a convenient arrangement may be here 
noticed ; one of its legs is immoveable, and the other can be 
moved on a prism by means of a screw, so as to keep the two 
legs always parallel to one another. The handle of a plate being 
fixed in this clamp, a rotation of 90° given to the axis of the 
cylinder was sufficient either to bring the plate between the 
metallic discs, or to remove it sufficiently from them, without 
altering the position of the apparatus towards tlie discs, exception 
being made of the screw on the clamp, whose influence, when 
present, was taken into account. This arrangement of the ap- 
paratus enabled the observer to preserve his arm and hand un- 
moved during an experiment, inasmuch as a slight pressure of 
the finger was sufficient to bring the plate into the two required 
positions. The immoveability of the observer is necessary in some 
of the following experiments, in which importance is attached to 
small motions of the gold leaves on the electroscope. In the 
experiments immediately following, the indications of the dec- 
troBCope were so decided as to render this precaution unneces- 
sary. The following table gives the changes which, according 
to the two-fold indications of the electroscope, were produced in 
the induced electricity of the neutral metallic disc by interpo- 
sing the several plates there mentioned. The interposed plates 
were fixed to glass or shell-lac pillars, from 4 to 6 inches long, 
and before the experiments were completely deprived of their 
dectodty. 
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Diameter of metallic discs 4*46 inches. 
Distance asunder • • • 1*65 





Intemediato 


ftona* 


T iimr dimcn* 


ThickMM la 


Indoeed dae* 
tfie^jrof tiM 


A. 


Sbdt-Iae. 


Dim. 


IHaiik ' 


r4i6 

14-20 




iBcransd* 


a. 




*» 


1* 


1-99 






B. 


Pirtfine*. 


fi 


ft 


4-63 


0-50 


Increased. 


h. 


ft 


»» 


f» 


2-53 


oao 


IncreaMMl. 


i3. 


1* 


»» 


M 


%m 


0*11 


iMreaaed^ 


C. 


Gutta-percha. 


»t 


» 


5-06 


0*14 




c. 




» 


M 


2-16 


on 


In<»«Lted. 




Mica. 


Rectangle. 


6-f bv 41 


0 004 


Decreased. 


D. 


GlaM. 


Disc. 


Diam.'S-20 




lacreated. 




f» 


Square. 


Sidi 


4*1 


0*17 


InoniwdL 










0-00 


DmnsmA* 



The majority of these experiments, therefore, confirm Fara- 
day^s statement, that by placing an insulating plate between a 
charged and a neutral metallic disc, the induced electricity upon 
the latter is increased. That this increase, however, is not an 
essential property of the insulator is shown by the two otpe- 
riments with the mica plate, and the glass plate 3, both of 
which caused a diminution in the induced electricity, although 
they are by no means inferior to gutta-percha in their insulating 
capacities. Further, that this increase is not exclusively pro- 
duced by insulating substances is proved by the following expe- 
riments, in which, employing perfectly conducting interme- 
diate plates iized to insulating piUan, the aame phtenomeaon is 
apparent. 
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It is manifest that with metals the differenoe between the 
aetions of two plates is solely due to their dimensions, so thai 
none of these results can appear strange. When both disoa 
stand alone, the neutral one is acted upon by a stratum of poai* 
tive electricity 1*65 inch distant. By the interposition of a eon* 
ducting plate, two electric strata at a smaller distance are ti^er- 
addedj of which the positive stratum lies nearer to the excited 
disc than the negative. Both strata contain the same quantity 
of electricity; but the distribution of these quantities in the strata 
depends not only npon the dimensions and distance between tbe 
Conmsvoisl psiaffine fionn the A**giittiHhiittiii> w***"- 
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two discs, but also upon the form and dimensions of tlie inter- 
mediate plate itself. By changing the dimensions of the intcrnie- 
diatc plate^ itsactioa upon the induced disc will be changed in a 
twofold manner; the two electricities upon it obtain another 
distribution and quantity, and the dis»tauce8 al which these strata 
act upon the induced disc are changed. We can determine two 
tMtM, muk tliat tiMir total actioii npiHi the uidnoed due ahaU 
bo mmitmMdf or liko in kind to tho action pf tlie direeify 
dittged disey or lutly, anliko to this action. The qnestioii« 
therefiNre, in what manner will a conducting iniermedii^ plati 
eha^ge the indneed electricity which « ^'hamd diec produces on 
a neutral one, is completely indeterminate. The question will be 
a determinate one if the condneting plate is not insulated^ for then 
to the action of a charged disc that of an unlike stratum of clec- 
tricity is added, which necessarily opposes that action. But to 
attempt to compare the action of conducting and non-conducting 
intermediate plates undei ihn^c circumstances, would be to com» 
mit an experimental mistake not less grave^ but lest exciuablei 
thm the mistake of thoae earliest deemdans^ whc^ without in^ 
sniating the oondnetois, oompaied conduetofs with nonnxm- 
dnetoit with xespeet to their eafiacities of becoming deetrio hy 

The simplest form was now given to the induction ezpeiimen^ 
and the action of intermediate non-conducting plates examined. 
Two metallic spheres, 0*87 inch in diameter, were fixed to thin 
gla»s rods, and so placed that their central line lay horizontal| 
and the distance between their nearest points amonnted to a little 
more than (V6 inch. One spliere was eharcred with electricity, 
the other was comiected^ b) mean^ of a wire 18 mches long, with 
a dry-pile electroscope, and observationa were conducted in the 
maiuier afafoadj deseribed. Every intennediate plate ww eara* 
felly placed in the spaee between the two sftheie^ ao that tiia 
line joining the esntres of the spheres pasaed peipsndiealarly 
throui^ the centre of the plate. 







laduced electiicily on 
tke neutnJ ■pherc. 


A. 
c 
«. 

t 

e. 
D. 


PanffinOi 
tt 

GntttopsdiSi 

)i 

Gkat. 
n 


locrcAMd. 
Increited*. 

Decreased. 
Increased. 
Iacreue4« 
PecreMsd. 



* A disc of paraffine, of similar dimensions to /3j gave a dedded deereaae 
of the ittdneedeieetridty; I hsTe not nendad the obsemilioiis irith tins 
dlH^ hssaass il lias esnridiisUiy thhmv in tlie fluddia than si the edgM. 
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From this it is manifest that intermediaAe plates of tbe same 
non-conducting substance sometimes deeretsed, and sometimes 
increased tbe indoccd electricity of tbe neutral ^bere; and 
fnrtbery by comparison vith tbe former experiments^ that one 
and tbe same non-fondueting plate, wbieb increased tiie induced 
electricity upon a neutral disc, decreased the same when tlie 
neutral body was a sphere. Hence tbe important theorem 

In experimenia an uukdkng the efeei of the adion of no*- 
emducting iniermediotB plates tUpeMb i^nmi tke form and dimem' 
okm, not only of those plates, but also of tke eowShetortimd m tke 
experment* This themm negatives, in the simplest manner, tbe 
assumption that the intermediate plates directly influence the 
induction of tbe originally charged conduetor. We cannot 
diiecU]^ ascertain in what manner the action of imolating platw 
exerts itself^ because tbe electric condition of these plates can* 
not be examined, and reference must be had to the anidogoua 
action of conductiug intermediate plates, in which this examina- 
tion is possible. The following discs, on insulating pillars, were 
placed between tbe spheres. 
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Here, undoubtedly, both the electricities induced upon tbe 
intermediate disc act^. In order to find tbe general distribu- 
tion of these electricities, tbe discs were placed separately at a 
distance of a quarter of an inch from the surface of the positively 
charged sphere, in such a manner that tbe line joming tbe 
centres of the sphere and disc was perpendicular to the latter. 
Several points of the disc were then touched with a pin's head, 
insulated by shell-lac, and the electric state of the latter examined 
in an electroscope. 

Negative electricity was present upon the whole anterior sur- 
face (turned towards the charged sphere) of the thick brass disc, 
and it diminished from tbe centre to the circumference ; on the 
cylindrical and posterior surfaces positive electricity was found, 
which increased from the anterior to the posterior edge, and 
decreased from the latter towards the centre of the posterior sur- 
face. A similar distribution was detected upon the thin brass 
disc ; on the greater discs of silver and tinfoil the negative elec- 
tricity upon the anterior surface no longer cxtcudtd to the cir- 
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cumfcrrncf ; at the edge of this surface a nnrrow nnn-t'lectric 
ring could be detirtod. La«^My, on the greatest disc, of coppi i*, 
a broader rin^ of ])()!5itive cleetrieity was found on tlic anterior 
surface itself. The negative electricity upon tliis surface de- 
creased from the centre tu a distance uf about l.[ inch; at 11 
inch there was no electricity; and at IJ inch there were decided 
appearanees of positive electricity, which increaaed in density 
towiids the circiiinferenee^ and from there to the centre of the 
posterior sarface again diminiahed. This supci-ficial knowledge 
of the electric diatribation upon the disc (which would su^ 
aome ehange in presence of the neutral sphere), is sufficient to 
explain the action of the disc as intermediate plate. Whenever 
a (Vmr is placed normally between two spheres, one of which is 
directly charged, two equal quantities of unlike kinds of electri- 
city are elicited upon it, of which the quantity, unlike the elec- 
tricity of the charged sphi;re, extends at all events over a Ic&s 
sarface than the quantity like the eleciricity of the sphere does. 
When the diae is very thin, the two electric strata lie on two 
pkmea very close to one another^ both of which arc perpendicolar 
to the line joining the centre of the apherea ; hence the nnlike- 
named stratnoi will act more strongly npon the neutral sphere 
than the like-named, because it will act at a less distance. For 
example, let us consider the copper disc placed between the two 
spheres. Then, acting upon the nearest point of the neutral 
sphere, we have the whole negative elccfricity u})on a circular 
surface at a distance of oiic-tlurdof an inch, and whose diameter 
is 2^ inches, together witli a smaller quantity « ! [>ositive elcc- 
tricity upon a circular surface, whose distance iioui the point in 
question is onl^ 0*302 inch, but whose diameter is 3*958 inches. 
At the same tune the negative electricity is most dense at the 
centre where it is nearest to the neatral, whilst the positive elec- 
tricity is most dense at the circumference where it is furthest 
horn the neotral sphere. The negative electricity therafore eier- 
ciaes a greater influence upon the neutral sphere than the posi- 
tive; and the induction of the charged sphere must appear 
diminished, as experiment plainly shows. When the thickness 
of the disc is gieat in comparison to its diameter, an opposite 
effect must ensue. l?y placing the thick brass disc between the 
spheres, the whole quantity of negative electricity is contincd to 
a circular surface |rds of ua lueh in diuinclcr, at a distance of 
0*48 of an inch from the nearest point of the neutral sphere; an 
equal quantity of positive eleetricity is spread over the cylindrical 
sarface, and a circular aurface whose diameter is also f rda of an 
inch, hut whose distance from the nearest point of the sphere is 
only 0*18 inch. This great difference between the distances 
namfestly causes the action of the positive electricity upon the 
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pottarior mufim to mirptis that of the negative dbetiieity npoa 
the anterior tmfbee; aometune^ too, beemie the fonner is sup. 
ported by the aetion of the whole poaitive deetricity on the cylin* 
drical anr&oe. Heie^ theiefote» the inineDee of the intermediate 
plato will be alike inkind to that of the diarged sphere, and the 
induction of the latter wiU be apparently increased by introdu- 
cing the plate between the two spheres. It is more difficult to 
predict the effect upon the obaenred induction produced by inter* 
posing a diae of lew extreme dimenaionB in comparison to the 
distance between the two spheres^ but after observation this 
effect may be easily explained by the distribution of the electri. 
city upon the plate. 

In general broad thin intermediate discs apparently weaken^ 
and thick narrow discs apparently strengthen the inductive 
effect of a charged sphere upon a neutral one. Inasmuch as no 
doubt can exist that the action of conducting plate s depends 
solely upon the induced electricities upon these plates, \\c must 
conclude tliat the action of non-conducting intermediate plates 
ought to be ascribed to the same cause. It is certain that a 
charged body induces both electricities upon the sorlacca of tho 
most perfectly insulatiuL: body; and the fullowiHg simple and 
remarkable exj)eriniciit will show tliat upon every one of the 
interposed plates iiitiiertQ used, tliesc electricities make their 
appearance during the time of an observation. The disc of 
shell-lac 7 21 inches ni diameter and 0 33 inch thick, or the disc 
of paraffinc 4 G3 niches in diameter and ^ an inch thick, was 
moved quickly to and iro between the flame of a spirit-iamp and 
the knob of the conductor of an electric machine slightly charged 
po8itiv(dv ; the anterior surtacc of the disc a]i})raiiched within one 
foot of the knob, and the posterior surface within one inch of the 
flame. By this means the anterior surface became so strongly 
negatively electric as to impart a strong and durable divergence 
to the gold leaves of the electroscope. Here, duniig the moment 
of passage, the positively charp:cd knob of the conductor iJiiparted 
negative electricity to the anterior surface of the plate, and posi- 
tive to the posterior, and the negative electricity alone remained 
behind because the flame had withdrawn the positive. Couac.. 
quently, in all the induction experiments abo\ e described, each 
insulating plate was undoubtedly provided with both electricities 
at the moment when it \\ as interposed between the two discs or 
8j)here8; aud to explain the different actions of these plates, we 
have only to assume that tlicsc electricities occupied different 
positions in space upon the thick and upon the thin platc?i. If, 
however, the action of the insulating plates depends u}K)a the 
induced electricities on their surface, it follows that their inter- 
position between the charged and neutral conductors is unesaen* 
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till, and the plates mmt also act when ihcy oeeupy a side posi* 
tioii in the neighbcnirbood of those eondiictors. by examuiing 
the induction upon a conducting disc, wc may learn what effect 
this action must have. A copper disc, 403 inches in diameter, 
was so placed before n positively charged sphere, 0*87 inch in 
diameter, that the perpendicular let fall from the centre of the 
spiiere upon the plane of the disc intersected the horizontal dia- 
meter of the latter at a point 0 77 oi" an mch from its centre, 
the distance between the nearest point of the sphere and the 
diie bdn^ 0*26 of m indi. ^Rie IbUowiiig in the reralto of n 
flnnunation of the diie't horiiontal diameter* The nmtive 
eleetricity indoeed upon the disc's anterior amftee extended to 
a diftance of 2*57 inches from that part of the dreninferenea 
neareat to the sphere ; the laat 0*86 of an ineh extending np to 
the most distant part of the circumference was occupied by posi- 
tive electricity, as was the whole diameter of the posterior surface. 
If mch a disc were placed near a positively charged ball during 
Its inductive action upon a neutral one, with its plane puralici to 
the line joining the centres of the spheres, and its anterior cir» 
cumference equidistant from both spheres, the negative electricity 
upon the disc would be nearer to the induced sphere than iiiia 
poaittve. Tbia negative eleetricity, therefore, wonld exereiae a 
mperior influence upon the aphere, and the induction of the 
originally charged aphere would appear weakened. The same 
effect wonld be produced if the conducting disc were placed 
between the spheres perpendicular to the line joining their cen- 
tres, but without allowing its plane to be intersected by that 
line. This last experiment was unintentionally rnadc in all tlic 
foregoing ones, in which interposed plates were employed, it 
was before mentioned, that the induced electricity appeared to 
be dimnasiied at the uioinent when a plate was interposed be- 
tween the two discs or spheres. With some of the non-conduct- 
ing fdatea tliia dimlnntion of the induced deeliicity waa even 
greater than the aabaeipient inereaae of the aame» when the plate 
vaa completely interpoaed. Imagine the examined copper diae 
placed near the two tpherea with its eorfiue parallel to the line 
joining their oentrea, and with its centre perpendicularly oppoaite 
to the centre of that line ; the positive electricity on both sur- 
far(*«? of the disc will he murh nenrerto the indneed sphere than 
the negative electricity, so that the positive electricity will exer- 
cise a superior int^netice on the neutral sphere^ and the induction 
of the directly charged sphere will be apparently uicreased. I 
have made this experiment with the non-conducting plates before 
mentioned. The discs were placed in the described position at 
the nde of two apbeiei^ 0*00 mch diatant from one another^ and 
atadiatnoaof 0*86 indi from their aaifroea; in Una poiitioii 
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I always found that the indaoed electricity of the neutral 8{dim 
was increased* Conaequcntly we can apparently change the 
induction of a charged body upon a neutral one in any manner 
we please^ without introducing into the space between both, 
which is occupied by atmospheric air, either a conducting or a 
non-conducting body. 

The preceding research may be considered as demonstrating 
the following fact. The inductive influence exercised by a 
charged body upon a neutral one is not changed by briugiug 
any interpoMd body^ conducting or non-conducting, into its 
neighbourhood* An increase or decrease of the quantity of 
electricity upon an induced body may be produced by a con- 
ducting or a non-conducting interposed body ; this increase or 
decrease arises from two new inductions proceeding from the in- 
terposed body itself, whose total action will depend upon the 
distribution of the electricities upon this body, and consequently 
abb upon its substance, form and dimensions. 

Accordingly, there is no essential difference between the 
actions of conducting and non-conducting bodies ; but inasmuch 
as the distribution of electricity upon them depends also iu ex- 
ti*eme cases upon their substance, interposed bodies of the same 
form and magnitude will act differently. This difference of 
action was particularly perceptible when the interposed body 
was placed in the space between the charged and neutral bodies, 
and may be explained by the well-known peculiarities of con- 
ductors and insulators. In conducting bodies the distribution of 
the induced electricities depends solely upon the attracting and 
rcpcllin'2: forces of these electricities, and of the inducing elcc- 
triciiy ; in non-conducting bodies the distribution depends not 
only upon these forces, but also upon the resistance which the 
substance opposes to the motion of electricity. For example, in 
a conducting disc, when influenced by a [lositively charged ijpherc 
placed perpendicularly opposite to its centre, the most positively 
electric places lie in all cases at the circumference ; m a noii- 
conductinc: disc they may be at some distance tlicrclVom. If, 
as interposed body between a charged and a neutral sphere, we 
employ a disc whose diameter may be conceived gradually to 
increase, then the induced positive electricity upon it will sooner 
cease to exercise a superior influence upon the neutral sphere 
when the disc is composed of a conducting, than when of a non- 
conducting; substance. Accordingly, with a conducting disc, the 
action of the ek-ctrieity, unlike that of the charged sphere, more 
easily manifests itself, therefore the inductive action of this 
s|)here will be apparently diminished; with non-conducting 
discs, the electricity, like that of the sphere, acts more easily, 
couiiequeutly the inductive action of the sphere will be increased. 
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If the conduiCtum on the mrAuses of insulators did not make the 
eomiMriaoD a very precarious one> it would be interesting, with 
t view to their classification, to compare the smallest dimensions 
at which discs of different non-conductin<? substances percrp- 
tibly diminish the influence of n rrrtain bo<ly. Hlass, mica, and 
sheil-lac conduct on the surtuce better than in tiie interior, 
g:utta-percha worse ; and even when the greatest care is used in 
the treatment of the plates, this conduction cannot be retained 
suliiciently constant as to prevent the j-auic plate at differciit 
times from exercising a considerably different action. The ex- 
aminatioii of a plate, by using it as tn interposed plate, is much 
more delicate than its direct examination hy means of an electro- 
scope ; and differences in superficial conduction can be detected 
thmbj, whieh, by the latter method^ remain completely hidden. 



LVIII. Researches info the Alum Manufacture. By Jon v Wilson, 
Esq., Jvn ., f^fufhnt in the Laboratory of St, Thomas's HotpitiU 
Colleye, London^* 

T£L£ history of alum-making is of considerable antiquity. 
Dioscorides and Pliny describe a substance, alumen, which 
however docs not seem to have had much, if any, resemblance to 
the abini of tbo pro'^ent diiy. Pliny chiefly speaks of two kinds 
of alumen, the liquid and the solid (liquidum spissuinque) ; the 
liquid should be limpid and milk-white, and its characteristic is 
its striking a black colour with the juice of the pomegranate ; and 
he informs us tliut it is very astringent, and is efficacious when 
mingled with honey as a cure for ulcers of the mouth. From 
this character of giving a black with pomegranate juice, it appears 
to have contained iron aa one of its ingredients, which is not 
unlikely if the salt was natiTC. 

There was also a species of alumen called by the Greeks 
schLstos, which split up into capillaiy filaments and liquefied 
when heated ; this substance was prepared for use by heating it 
till it ceased to turn fluid, or in other words, by expelling its 
water of crystallization. This description agrees with the ciia- 
racters of some aluui shales which become decomposed by expo- 
sure and split up, while hair salts shoot from the cavities. 
Biobcoritlcs states that there are many kinds of alumen, but 
that most of its varieties may be found in Egypt. The best for 
medical purposes is very whitc^ astringent, granular, and free 
from hard concretions^ and splits np into capillary crystals. 

The date of the discovery of our alum is unknow n ; previous 
to the middle of the fifteenth centoiy, all the alum used in 

« CoamnBicstsd Iqr Dr. Robert Dondss ThonsoUf P.R.S. 
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Europe was importerl frmn the East. In the fourteenth crntiiry 
an aium work was in operation at liocca in Syria. Tht i c were 
also several near Constantinople. In 1459, Bartholonia us ri riux 
or Perdix, a merchant of Genoa who had frequently been to liueca, 
diflcovercd the mineral oi aium m the island oi Iscliia, which 
is situated at the entrance of the Gulf of Naples. About Uus 
time J^^umnei de Caitfo, having vinted the alimi-worlu it Con* 
•tantinople, diioovered the alnm atone st Tolfa« It is seid ho 
WIS led to this observation by the simihurity of the trees at Tolfii 
to those which he had seen growing upon the hills of Turkey ; 
and eipeiiment showed the two minerals to be equally adapted 
for preparing alum. 

At Vitcrbium the attempts made by the Genoese had great 
success, and the manufacture increased greatly, especially as 
Pope Pius the Second strictly forbade the use of oriental alum. 
But the art did not remain within the bounds of Italy, in the 
sixteenth century a work having been act up at Alcmarou near 
Carthagena. In Grermany, in the year 1644^ several existed ; 
and in the time of Agnoola there was an alum-work aft Com- 
moton in Bohemia, fieigman says that at this time (16th cen- 
tury) the art had searoe^ penetrated into Sweden. The fint 
alnm-work in that country was founded in 1687 at Andrarum^ 
where the alam shale is of great depths being upwards of 860 
feet. 

In Qiiccn "Flizabcth*?? reign alum-making was introduced into 
England by Sir Thomas Chaloner of Gisborough in Yorkshire. 
It \% iaid that he observed the trees in his neighbourhood tinged 
witli a ]ieculi;ir colour, vxw^ suspecting that this was owing to 
some aluminous nuneral, caused a f^earch to be made, the result 

of which was the discovery of alum shale. It was towards the 
end of the sixteenth century that his works were commenced; 
and in a short time so great was their sueeessi that sixteen woika 
of the same kind were soon established in the neighbourhood. 

Alum was first made in Scotland in the year 1766, by Messrs. 
Ligbtbody and Co. at Hurlet, but their process was found to be 
unprofitable, and abandoned in 1768-69; and it was not till the 
year 1797, ubcn work?? wore erected at Hnrlet by the Inte Charles 
Macintosh of Cinnpsie, and John Wilson of liurlet, and their part- 
ners, that the niauutacture of ahim was successfully established. 
In consequence of the success of the Hurlet works, the same Com- 
pany in the year 1808 commenced a larger work at Campsie, 
where a shale similar to that at Hurlet is found in abundance. 

In the year 18S0^ the alum made in England and Scotland 
amounted to firom six to seten thonssnd tons annually; namely 
four thousand five hundred to five thousand five hundred in 
TBnain^^ ml fi A mifc hnodrod toAB in fleotlaBd. At ureaent 



Digitized by GoogI 



Mir* J. Wilion'i Baearcha into tke Akm Mam^acturcB 416 

about seventeen tlioiuaiid tons are made amnullyi of wliieh 
twelve thousand tone an prodnoed in Eng^di and the ml in 
Scotland. Hie proeessea by whieh alom ia prodnoed from the 
shale or other material are different^ aa the compoaition of theae 
varies. 

Id the alum-works whieh were carried on formerly at Smyrna 
and SoUatara^ and in other places where the ore contains a snf* 
ficient amount of alkali to form alum without an additional 
quantity, the process is simple. The rock containing the ready- 
formed alum is dissolved in a lead vessel and the solution cry- 
stallized. 

At Tolfa, where the alum-stone contains an excess of alumina, 
the ore is calcined in order to render insoluble the excess of 
hydrate ot alumina ; to effect this, the stone is broken up into 
small pieces, which are carefully calcined till sulphurous fumes 
begin to be given off. AVhcncvcr this happens, the calcined 
!>toiie ia removed to stone cisterns, where it is moistened \Mth 
water; in a few days the calcined stones crack and swell, beco- 
mmg like slacked quicklime. After being thus moistened and 
exposed for some months^ they are thrown into leaden boilers 
and boiled with water for about twenty-four hnurs^ tlic water aa 
it evaporates being replaced by the mother-Hcjuor of a former 
crystallization. When the ore has been thus boiled for a suffi- 
cient length of tune the fire is extinguished, and the sediment 
having subsided, the clear liquor is run into wooden reservoirs, 
where it crystallizes ; in these it remains about fourteen days, 
the mother-liquor being used as described far dis»uivmg the cal- 
cined ore. 

The alum obtained by this process is what is termed RoTuan 
alum, and is considered the purest to be found m commerce. 
It frequently occurs in cubical crystals, and generally is coated 
with a reddiah-brown powder resembling ochre, hut which is 
laid to contain no iron, being put on by the manufacturers to 
give their alom the peculiar appearance which characterizes the 
Italian salt. 

The alum made in this country is not obtained in this w ay, 
as neither potash nor sulphuric acid exist ready-formed in suffi- 
cient quantity in any of our shales, so that the processes adopted 
are nece->ariiy more complicated. 

The aliun ore is an aluminous shale containing carbonaceous 
matter, and diffused iron pyrites. J3y the calcination of this 
shale the sulphur is oxidized, and unites with the alumina, iron, 
and other bases, forming sulphates. By digesting the calcined 
ore in water, and adding a salt of potash or ammonia to the 
liquor, a! urn is obtained. 

At Hurlet the method formerly pursued was to leare the alum 
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shale exposed io the air in the mine^ which has always a tempe- 
rature of from 60^ to 70^ (Fahrenheit) for several years. By 
this treatment the ore heoomes gradually covered with a white 
efflorescence of sulphate of iron and alumina^ having an appear- 
ance like asbestus. The following are analyses of this hair salt| 
which I made at Dr. R. D. Thomson's laboratory at St. Thomases 
Hospital under his superintendence; and. here I take the oppor- 
tunity of thanking him for the kind assistance he afforded me in 
these and subsequent analyses. A trace of potash is present. 





1. 


9. 


3. 


4. 


5. 




AtaBM. 




9-64 
1800 
•24 
3436 
36-80 


9-36 
18 36 

33-60 
3716 


904 
17-92 

35-99 
37-04 


71fi 
18-68 

38-92 
40-89 


632 
19-27 

34-93 
40-77 


830 
18-44 

34-40 
38-41 


120 
4-00 

6-88 
34*10 


Protoxide of iron.. 


Sulphuric acid ... 






99 04 j 98-48 1 99-20 


10008 


,101-29 


99-65 





These analyses show this salt to be composed of 1 atom ter- 
sulphate of alumina united to 4 atoiiis };roto.sulphate of iron aud 
34 atoms of water, or Al^ O"^ 3S(F4-4FeO SO^-h 34110. 

The decomposed ore was then lixiviated, and the black residue 
thrown upon the hill, as it was termed, or mass of jireviously 
lixiviated shale. This hill, bv further oxidation under theinflu- 
ence of the atmosphere, afforded another product of alum. • The 
lixivium was then evaporated, and the copperas allowed to cvy- 
stallizeout. To the sohaion hum these crystals a salt of potash 
or ammonia was added, when alum was deposited. These cry- 
stals, after being washed, were roachccl in the ordiiiarv manner. 

As the demand for alum increased, this process was found 
too tedious; tlie fresh or slightly decomposed ore was therefore 
taken and calciiied, thus accelerating the natural process of de- 
composition. To a. ci rtain the composition of the fresh inhale I 
analysed it^ and the results are as follows > 

Specific gravity 2*54. 

25 grs. fused with carbonate of soda gave — 

Per ceut. 

Silica . . . 12-07 48-28 

Alumina . . 674 26-96 

Peroxide of iron 2-89 11-56 =10*41 reO = 8 09 Fc 

Carbonatcoflime 1-0? 2-38 CaO. 

100 trrs. dried till it ceased to lose, weight at «iOO^ F. lost 
2*02 per cent, water. 

25 grs. deflagrate d with pure nitre and carbonate of soda, and 
the liitered solution acidulated and precipitated by Ba CI, gave— 
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Pereent. 

BaOSO* 10-76 • . . 6*03sa1phar. 

10- 57 . . . 587 «. 

11- 02 . 6 08 
Average 5*94 

To determine carbon uiid h) drogeu^ the dried shale was burned 
,lrith ehiomate of lead^ with the proper precautions. 

Per cent. 

16-65 grs. gave 2*42 CO* . . . 3-90 carbon. 

l-6() 110 . . , 1-06 hydrogen. 
14-51 grs. gave 2 lii CO* . . . 4-00 carbon. 

1-41 HO . . . 1-08 hydrogen. ^ 

Carbon. Hydrofrpn. 

Avenge . » • 8*98 1*07 

The total iron present in the shale is 8 09 per cent., and 5 
]ier eent. of salphar lequure 5'19 of iron to form bisulphide with 
It Dedueting 5*19 from 8*09^ we bave 2*90 per cent, iron, or 
8*72 per eent. protoxide oneombined witb ■nlpbor. Tbe nitro^n 
was obtained by combustion with soda lime^ and precipitation 
by biehloride of platinnm, 17*88 giv. giving*- 

Fbtinom •76= *62 per eent. nitrogen. 

I also found potai^h in small quantity. 200 grs. of shale gave 

•78 KCl = -24 per cent. KG. 

The complete anal^bia wiii stand tliu3 ' 

SUica 48 28 

Alumina 26-96 

Protoxide of iron . • . • . 3*72 

Lime . . . • ^ . , • . , 2 38 

Magnesia , . . , . . " . trace 

Potash '24 

Bisulphide of iron 1113 

Water 202 

Carbon ..«•.«•. 8*98 

Hydrogen 1*07 

Nitrogen , -62 

100*4 

Thia abale lies in seams which vary in thickness from a few 
inches to about three feet and a half. It underlies the limestone, 
and is deposited above tbe coal. It is very hard as it comes from 
the mine, but soon decomposes when exposed to tbe air. Some* 

m S. 4. Vol. 9. No. 61. Jmi€ 1855. 2 E 
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times small particles of the pyrites ai*e visible when it is frac- 
tured, but in general this is not the case. There is another 
seam of alum ore which is called by the miners the Duff bed, 
lying above the limestone. This mineral, although not so suit- 
able for making alum as the other, is still of great value for that 
purpose. It has almost the same composition as the ordinary 
alum ore. 

The sketch of a portion of a sec- 
tion of a Hurlet pit shows the rela* 
tive positions of the minerals men- 
tioncQ. After the coal has been dug 
out, leaving pillars at regular inter- 
vals to support the roof, the alum 
shale is taken out, and then the lime- 
blowers, as they arc called, proceed to 
remove the limestone by blasting it with 
gunpowder. 

I find this limestone to have a spe- 
cific gravity of 2*71, and to be com- 
posed of— 



Carbonate of lime 88-814 

Carbonate of magnesia .... 1*182 

Carbonate of iron 4*764 

Bisulphide of iron ^9o 

Silica 3-412 

Carbonaceous matter .... trace 

Water 1*075 



99042 

In calcining the ore for alum-making, a flue of brick is con- 
structed upon the ground, and upon this brushwood and coals 
are laid which are ignited, and alum shale placed above them. 
When these have become ignited, another layer of ore is deposited 
upon it, while at the same time waste alum shale is spread over 
it to prevent the combustion from being too rapid. The presence 
of carbonaceous matter and sulphur assists the combustion, and 
renders a further addition of fuel unnecessary. In from twelve 
to eighteen months the calcination is ended, and the ridges being 
broken up, the ore is wheeled to the steeps to undergo the pro- 
cess of lixiviation. The composition of the calcined shale is as 
follows 



feet. In. 
IroMtMie. 4 

Duff bed. 1 9 
timeatone. 4 fi 

AlUffl OM. 1 0 
CfMi. 6 3 
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\. 


2. 




35-28 


88*81 


86*79 


14*48 


14*21 


14*34 


21*40 


21«67 


21*53 


8-26 


2*56 


2*9 L 


trace 74*42 




76*75 76*57 


8*88 


8*86 


8*87 


2*02 


1*24 


2*08 


1*80 


1*56 


1*68 


•87 


1*52 


119 


10*72 25*19 


11*16 


24*34 10*94 24*76 
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a. I 

^ rSilica « . • 
3 J Alumiiia • • 
^ 'S Peroindeof iron 
Lime • • • 
Magnesia * • 
pSnlphiirie acid 
^ J Ahunina • . 
J \ Perazideof iron 
^ Lime . « • 

LWatcr . • . 

99G1 101-09 " 100-33 

The OIL' IS tlirown into square cisttTnsof stoiic having wooden 
bottoms; motlicr-liquor is run i]])oi] it, and the liquor percolates 
slowly through the bottom of the steep into cellars beneath. 
After three or four washes with luoiher-liquoi', pure water ia 
employed. From lour to eight washes in all are drawn otf ; but 
Ais varies with the quality of the calcined ore. When the 
proper iiuuiber of washes has been taken off, the insoluble 
residue is removed and used for covering the ndges ot calcining 
ore. This exhausted material consists of — 

Silica 40-39 1 

Alumina 1725 

Peroxide of iron . • . 3Q-G6 C 

Linic 2-22 J 

Sulphuric acid . . . . 1'92 | 

Peroxide oii^^^ l-^ ^Soluble 10*20 

The oomposHion of the first four washee lirom the steeps I 
hafe (band to be as foUows in the gdlon 

No. I. No. II. No. III. No. nr. 

Sp.gr. 1188. Sp4jr.ll29. Sp.gr.llO0. Sp.gr.lOfK). 

Solphuric acid 933 05 595 05 456-90 115 35.. 

PeRHodeofinm 846*75 118 68 112*42 53*3li 

Alomina . . 19459 149 99 5942 91*50. 

Protoxideofiitm 73 18 126-92 85-11 138-45 

Chlorine . . 27*44 42*85 3854 36*60. 

Magnesia . . 14^13 14*83 16 06 21*48 
Line > • • 

Potash . • . r.rOr r,n-98 2S-90 27-05 

Ors. per gaUon 1664:81, .1109*30 797*35 783*74 
The potash found in tbes^ ana]yiies.i8 derived from the mother- 
liquor which ia thrown waaa the nyr 4tale previous to csldnation ; 
and as muriate of potm U the islt. employed^ it accounts also 
for the chktine. The shale frova w}iicb the^ liquors were ob« 



^Insoluble 90*52 
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tained mmt bave been different from what I enmined, as mag- 
nesia and no lime existed in tbese liqaorsb -Tbe liqoon an 
pnmped up from tbe oeUars into wooden reservoirs^ wbencethej 
are allowed to flow into the evaporating boilers. These last aie 
about 60 feet long^ 7 feet broad« and liom 4 to 6 deep. Tkey 
wstt arched over and are made <^flre-Meks. At ime end is the 
ibniaee, and at tbe other the chimney. The flame and hot air pais 
over the liquor^ and tbe draught carries <^ the steam as it riset. 
During the evaporation, a brownish or buff-odonred substanee 
ftlls in considerable quantity, which is <x>mmonly called a sub* 
sulphate of alumina ; but a specimen which I analysed I found 
to contain upwards of 50 per cent, sulphuric acid, 25 of peroxide 
of iron, and about 3 or 4 of alumina. When the liquor has 
attained the strength 65° to 70° of Twaddel's hydrometer (1325 
to 1350 spec, grav.), the boiler is opened and the liquor run 
into the alum-coolers, which are made of stone. The proper 
quantity of nmriate of potash or sulphate of ammonia is added 
either m solution or dry ; if dry, the mixture is apritatcd Ijy 
wooden poles to cause the salt to dissolve and be equally tljtfusi J. 
The coolers arc left at j-est for about a week, at the end of which 
time the mother-liquors are made to tiow into a tank for the 
purpose, and the firbt crystals of alum collectLd and washed with 
cold water. These crystals are of a biowu colour, bciug conta- 



minated by iron^ and contain,— . 

Sulphuric acid - 34*33 

Alumina 6*44 

Peroxide of iron 4*52 

Potash • • • . 2-33 

Ammonia . . • « - • - • ' • 2*81 

Chlorine -36 

Water 49*31 

100 



• The first alum is dissolved in mother-liquor from the second 
eryetallisation by means of steam. This operation is performed 
in a cistern lined with brick about 9 feet deep, to the bottom of 
which a steam-pipe passes. When the alum has dissolved, the 
steam is shut off and the deposit allowed to subside. The liquor 
ia ran into stone coolers, where the eecond alum eryatalliies. 
Thia I found was composed of— - 

Sulpburie acid • • • » .« 36 08 

Alumina -Q'SO 

Peroxide of iron '88 

Ammonia • • 8*83 

Potash -73 

Chlorine ••••••• trace 

Water .* . 48-88 

100 
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The second alum is dissolvid lor the last time in vessels of 
lead into wIik li steam is passed: these vessels are called reach- 
ing pans, 'l lic solution is closely covered over and allowed to 
settle, and is then run into the reaching- tubs, vvheic it deposits 
itself in crystals, shooting towards the centre of the tubs. The 
tubs are simply larc:c wooden casks lined with lead : wlic u the 
alum has attained a sulficient degree of hardness, the staves are 
removed, a hole is made near the bottom of the cask to allow the 
mothtr-liquor to run off into the cellar for that purpose, and the 
alum broken up into lumps or ground, as the case may be. The 
iiiotlier-liquor is again evaporated, as in the tirst process of alum 
making, when it deposits a cix)p of tirst alum. The pure alum 
contained— 

Sulphuric acid . . 35*57 
Alumina . . , , 11*40 
Peroxide ol iron , . trace 
Ammonia «... 3*42 

Votash '83 

Water 48-78 

In preparing potash alum, the muriate is the salt generally 
used ; hence small (juantitics of clilormc are often to be found 
in the alum. lU' the process I have described, three parts of 
shale produce one part of marketable alum. 

In 1836, and for several subsequent years, alum was made at 
Hurlct in the loUowing way. Alum shale containing the smalU 
est amount of sulphur was calcined in a reverberatory furnace ; 
it was then ground and sifted, the powder was thrown into lead 
cisterns and hot dilute sulphuric acid run upon it. A strong 
action occurred^ and the greater part of the shale dissolved. The 
solution was evaporated and the alkali a|)j)lu(l iii the usual way; 
the sul[ ilKite of aTiimonia was at that time made by distilling gas 
liquor jnto the iiiothcr-liquor of the alum; oxide and sulphide 
of II 1)11 were thrown down^ and the solution consisted of sulpliate 
of ammonia. 

In Sweden, where wood is the common fuel, and consequently 
verV expensive, the alum shale, wliieh is very carbonaceous, is 
Used for performinGr the calcination, an operation occupying 
about a month or six weeks. The late Dr. Tliomas Thomson, 
in his ' Travels in Sweden,' tells us that so great is the quantity 
of combustible matter in the Swedish alum shale, that he saw 
it employed for burning limestone. In the same way the shale 
is used for the evaporation of the alum liquors, the shale being 
calcined and the evaporation performed simultaneously. Wood 
is also used in Sweden for the calcination of the alum shalei as 
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appears from a letter to the late Charles Mackintosh, Esq.^ 
published in his memoir, in which the process followed at Haen- 
settcr is thus described: — "Their process of alum making is 
nearly as follows : the scliistus, which has something the appear- 
ance of our undecomposcd ore, lies under a stratum of limestone 
about 2 feet from the surface of the earth, and upon being quarried 
is built into kilns in the following manner: first, a layer of lir or 
rather pine-leaves or branches intermixed with birch ; second, a 
layer of schistus which has been used as fuel in the evaporating 
or roasting boilers ; third, a layer of raw schistus, and so on in 
rotation as before. After burning, the schistus is put into 
steeps, which are nearly the same as ours at Hurlet ; water is 
poured upon it, the same water being poured upon five steeps 
before it is fit for use. The liquor is then run into settling cis- 
terns, after remaining some time in which it is next put into the 
first boilers for evaporation. These boilers, which are of lead, 
are constructed in the following manner : — Six of them, 4 feet 
diameter each, are built in one storey, in two rows, with three 
fires under them ; they are made of lead, open above and arched 
in the bottom, which is of cast iron. From these boilers the 
liquor is run into wooden coolers which are vei-y small, 3 feet 
long and 2\ feet broad, with three wooden partitions in each. 
The crystallized alum is afterwards washed and roached exactly 
in the same manner as it is with us. Their roaching-casks are 
about twice as large as ours, and require to stand for about three 
weeks. From this it appears that the small quantity of alkali 
formed from burning the schistus with wood is sufficient for 
their purpose." 

The Kinekulle slate in Dr. Thomson's museum at St. Thomas's 
Hospital, I found to have the following composition : — 

Specific gravitv, 2*42. 

Silica 6*>-28' 

Alumina 16'64 

Protoxide of iron . . . 6'96 

Iron . "\ 3-61 

Sulphur/ 4-13 

Potash 7-98 

Lime 1*53 

Magnesia 1*10 

Water 1-40 

Carbonaceous matter . 4*37 

100 

The calcined Swedish ore generally has a brown colour, but 
when it assumes a red appearance it is found to be Dot so pro- 
ductive in alum. 
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At Whitby the ealcining heaps are from 90 to 100 feet in 
height. The stratum of aluminous shale it abut 29 miles wide. 
Its specific gravity is about 2*40, aud the upper part of the 
rock is always the most abundant in sulphur. It contains a 
large amount of bituminous matter, which renders great care 
necessary to regulate the combustion, as it is apt to burn too 
rapidly and drive off portions of sulphur. Ab<Hit one too of 
alum is produced ^om 130 tons of calcined shale. 

In some alum ores oonstderable quantities of magnesia fffuitf 
When this is the case, Epsom salts are produced in the proeesa 
of calcination, and being more soluble than alumt reioaiil in 
solution after it iws crystallised. To obtain the Epsom saltat 
the liquor it ofFuporaled somelinuNl by waate h^at fitmi the akim 
boilera when the salt cryafallim^ oftw in considerable quantities; 

one work in Yorkahiiv prDdimg innuaUy idNiut BOO taai of 

In certain apammens of Hnrkt shale magnounia fonn^i some^ 
tinm M mncli as i| or 2 ntr eent,, but tluir« wm no tppreciabl^ 
aooont in what I eximinaa. Formerly an ffflorawBano^ of newly 

pure sulphate of magnesia waa to be found in the mines in eon* 
atdemble abundanee» bnt of late years ita pq^rrence baa bfen 
\m fraqneni; it consists of longt tmmpftranti bnctle pcedles, 
often more than 2 inches long. A specmien from Hurlet in 
Sr.Thomson's museum at St, Thoma8^aHospital«w)liftb bt kindly 
permitted me to analyae, I found oonsisted of^--ar 

per eanl, Atomir %wom salt. 
I 82-62 I 



Bulpbnrie acid 
Magnesia . . , 
Protoxide of iron 
Afcimint t « 
Wntw . • . . 




107 16*25 1 

7-2 51-28 t 

lOQOl 100~ 

The formula ia (MgO FeO) SO^, 7H0. 

A speoimen from Pern resembling thia in appearMO0> tlao in 
Dr. Thomson's mnsenm, contained^ 

Atoms. 

Sulphuric acid .... 35 06 7*19 
Magnesia ^'54 1 

Alumina » » , . » t 15*88 2*2 
Water 89« 

"10008 

MgO SO^ 4- 2A1« 0^ 5S0^ -f 

Alum is also made fjrom clay. For thia purpose the purest 
day la calcined in 9 iimWt^ry tmm^ it a moderate hentt 
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This process has the effect of peraxidttini; the inm^ and tender- 
ing the clay more porons. The heat must he regulated eairefollj, 
otherwise the clay undergoes a commencement mfanontin whidk 
condition it is nearly insoluble in acid. About 45 eent. of 
its weight of sulphuiic acid, of specific gravity 1*454^ heated hj 
the waste lient of the furnace to about 160 F., is run upon it 
nnd iliiit'stcil with it for some months, nt the end of which time 
the mass is lixi\ iatcd, concentrated, and tlie proper quantity of 
alkali added: the alum precipitates and is purified in the ordi« 
naiy way. 

CoiicciUruted alum or tcrsulphate of alumina an article in* 
troduccd of late years into commerce, for which there is a con- 
siderable demand. The objection to its more general use is, 
that its composition is not always the same. It is prepared by dis- 
solving clay in sulphnrie acid, and adding ferrocyanide of sodinm 
to precipitate any iron which the aeid has dissolved, as pmssiaa 
blue. The clear liquid is evaporated till it becomes solid on 
oooHn^. The prussian blue is hoiled with caustic soda to recon- 
vert it into pmssiate of soda, thus avoiding any loss in thi* 
respect. 

The two analyses given were made upon a sample of concen- 
trated alum sent by Messrs. H. Fatinsou and Co., of Newcastle* 
ou-Tyne. 

The sulphuric acid was precipitated by chloride of barium. 
95 grains gave— 

• I. Sulphate of barytes 27-89= SO^ percent. 38-4G 
II. ... 27-61= ... 3808 

25 grains gently heated and then strongly ignited left,— 

I.' Alumina • . 4*84% alumina per cent. 19*36 
II 4*55 s ... 18*20 

The sulphuric acid per cent, and alumina being deducted^ 
leave, — 

I. Water per cent • » . • 42*18 

II. 43-7^ 

I. II. Average. 

Alumina . . . 19-36 18-20 18-78 1 

eulphuricacid . 38-16 3808 88*27 2-6 

Water . . . . 12 18 IS 72 42-95 18 ^1 



or 



100 lUO 100 
Al«03+2iSO»+13HO 

2Al^0^-f 560'^ + 26HO? 
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UX» The PofymagneL By Professor Ttnoall^ ^c. 

[With a Plat€.] 

THE polymuj^nct was devised for the purpose of exhibiting 
before a ehiss of pu})ils as many as possible of the piue- 
nomena of electro-nintriu'tisni and dianiagnctisni. 

The instrument coiij^ists of an arrangement of two horseshoe 
ciectro-maguets, a helix of covered copper wire dispo&cd between 
them, and siiitabli^ means of suspen*«ion. 

A section of one of the electro- ma cruets and its surrounding 
spirals is given, fip:. 1^ Plate IV. ab, al are two cylindrical cores 
of soft iron, whuli arc united by a cross-piece of the same material, 
ef. Through the eross-piece pass ihv siroug screws r/ and h into 
the cores, and by them the end'? b and d of tlu crrcs, which are 
accur^itcly phmed f?o ns to ensure perfect contact witii the cross- 
piece, are attached to the latter. The diameter of the cores is 
1*125 inch, and their distance' apart, from centre to ceutrCi 
4*85 inches; tlic eross-piece ^/ is drawn in proportion. 

Round each core is a helix of copper wire, overspun with cotton, 
^^liieli was afterwards saturated with shell-lac. In winding the 
helix, two lengths of wire, one covered with red cotton and the 
other with green, were laid side by side and coiled as a single 
wire. TTie diameter of the wire is 0*1 of an inch, and the weight 
of it which surrounds each limb of the magnet is 12 lbs. Tor 
all four limbs, therefore, a weight of 48 lbs. is made use of. 

The second electio*magnet is in every respect similar to the 
one just described. 

Fig. 2 is a front view of a helix of covered copper wire, in- 
tended to be placed between the two electro-magnets ; it has an 
internal diameter, ab, of 1 inch; an external diameter, cd, of 8 
inchesj and measures along its axis 1*15 inch. The diameter of 
its wire is 0*065 of an inch, and its weight is 6 lbs. ; it is wound 
80 as to form a double ooilj as in the case of the electra-magncts. 
The radial strips, and central and surrounding ring seen in the 
figure, are of brass, and hold the coils of the hdix compactly 
together. 

Pig. 3 represents a stout slab of mahogany which supports 
the apparatus, ab, cd are hollows cut in the slab to receive the 
cross*pieces of the two electro-magnets $ from e to/ the slab is 
cut quite through, the cross-pieces merely resting on the portions 
between / and b, / and d, &c. The small apertures at x, a' show 
where the screws enter which attach the cross-piece to the slab 
of wood. The central aperture at g shows where the pin ff of 
the helix, fig. 2, enters, the helix thus occupying the central 
portion of the board. Right and left are two projections for the 
ieeepti<m of two current reversers, which will be described im« 
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mediately. The apertures 1, 2, 3, 4 are for the reerption of pins 
projecting from a glass case intended to cover the whole a|>- 
paratus. 

When the magnets and central helix are fixed in their placet 
and looked down upon, their appeal aiicc is that represented in 
fig. 4 ; at a and e we topa of Uie cores arc seen, the moveable 
mauet of soft iron which belong to them being removed ; the 
two endg of the other electro^iDagnet bear two such masaea^ 
each formed from a parallelepiped 4*6 inches long, % inchea 
wide, and 1*25 inch high, having one end bevelled off ao aa to 
render it pointed, the other ^nd being auffered to remain flatt 
The distanc e between those moveable masses may he varjcdj O? 
the body to be cxammed may be suspended either between sur- 
faces or jwints, according to the nr^ture ol the experiment. The 
projections of the current reversers upon th^ horizontal plane ^ 
seen rip:]it and left. 

Simplicii) aiiil efficiency bcuig the objects aimed at, a current 
reverser was devised which fulfils these conditions. A front 
view of the initrumeiit is given in fig* 5, and ita horizontal pro« 
jection in fig. 6. Q ia the aoction of a quadrfint of wood^ wnieb - 
la capable of being turned by the handle HP; «i ia the flection, 
of a atrip of brass laid on the periphery of the quadrant; of ia % 
shorter strip simibirly laid on ; between h and c ia a gap, formed 
of the wood of the quadrant itself, or of a piece of ivory or glass 
inlaid; s and ^ arc two brass springs*, ^vnicli are shown in th^ 
figure to rest upon the strips of brass ah and cd ; M, are two 
clamps secured to the wooden pdlars O and O' by screws ^ 
whieh pass up through the latter. The plan below corresponds 
to the section aljove. From tig. G, the strip of braas cioajie* 
to (/, and from c to 1/, both being insulated from each other at E, 
Supposing, then, the two damps M and L to be connected with 
the two polea of % galvanic battery, the current entering at 14 
would flow idong me ipring » to b, thence to e', and finidly 
along th^ apnng tu the clamp V : in like manner the ciir*> 
rent entering at L would attain the clamp W. In this posi^ 
tion of things the handle of the instrument leans to the leil. 
as in fig. 5. If the current is to be interrupted, this is secured 
by setting the handle vertical; for wlien the handle is in this 
position, the spring sf rests upon the non-eouducting surface bc^ 
and the circuit is broken. If it be desired to send the current 
direct from L to L', and from M to M', this is accoiujjliiihcd by 
causing the handle to lean to the right; when this isdoQCjboth 
the springs rest upon the aelf-aame atrip of brass oAj.and 
there ia cUrect metallic communication between L imd an4 
between M and M'. This rcrcracr h«a been teated pmticaliy, 
* Capper, I think* ii«iil4 he beftflr tha» lifiii. 
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aiid found very convenient. It is very similar to an instrument 
devised by Prof. Itcusch, but ;?iHi j)ler and more easily constructed. 

Fi^;. 7 is a plan of the top of tlic glass case wbieh surrounds 
the pulyniagnct. At C a brass tube is cemented to the glass, 
which 18 here perforated, and through the tube a rod passes fur- 
nitthed at its lower extremity with a hook, to which is attached 
« suspending fibre, ah ]ii a horizontal brass cylinder rnpnble of 
being turned on its axis by tlie milled head at a, and tiius coil- 
ing a suspending fibre around a crroovc marked at d : the cylinder 
is aUo capable of sliding right and left, so that the body sus- 
pended from the hbre may be moved laterally, and the ;i mount 
of inotiun Uicasured on the graduated bar above*. (Ji/' is another 
horizontal 8Ub]ie!ision lod, in rverv respect simdartothe foruier. 

The whole iiist ruinent, surrounded bv its i^lass case, is shown 
in perspective m lig. 8. The magnets are visible, w ith the move- 
able masses of Koft iron resting upon tliem ; in the centre is seen 
the helix sketched in iHg, 2, and within the helix a bismuth bar 
supported by several fibres of unspun silk attached to the central 
rod which passes through the top of the glass case. The manner 
of suspension of the bismuth will be understood from the draw* 
ing, certain practical artifioes which suggest themselves when 
the drawing is attentively inspected, being introduced to faeiU« 
tate the placing of the axis of the bar along the axis of the sar» 
rounding helix. The current reversers are seen without the case ; 
two opposite sides of the hitter can be opened by the handles h 
pod A*, so that free and esay aceess to the interior is always 
SBcur^. 

Expei'inients to be made with the Fobj magnet, 

1. AH the experiments that are usually made with an upright 
cleetro-nugnet. 

2. The various portions of the instrument may with great 
^Mility be lifted separately out of the ease. One of the eleetro* 
magnets being thus removed, a rope can be passed through a 
ring introduced for this purpose into the ero8s<.piece, fig* 1 1 
adjacent to the screws g and A two plates of brass are seen \ 
these are attsohed to the brass reels of the helices, and by pass* 
ing a pin through the holes shown in the figure the helices are 
prevented from falling when the magnet is turned upside down* 
Attaching the rope to a hook in the ceiling, or to a strong firame 
made for the purpose, experiments on the lifting power of tho 
magnet may be made. 

8. While one of the magnets is suspended as last described, 
the other, which is of exactly the same sise, can be brought up 

* This arrangement, thougli vei-y convenient lor private research, is not 
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against it, the fi^c cnda of the fonr cores being thus in contact* 
¥he same current being sent through both magnets, have 
the imitiial atti-aetion of two electromagnets instead of the 
attraction of an electro-magnet for a mas" of -ioh iron, as 
siifjposed in the last experiment. The JUTaTigemeut just de- 
Bcnbcd is indeed precisely that devi^'d M. Pouillet iu the 
construction of a powerful tlcctro-uiasnet for the faculty of 
sciences at Paris. To the cross-piece of the second magnet a 
ring is also attached, from which weights can be suspended. 

4. ' The cross-pieces may be removed by withdrawing the 
screws g and and the spirals may be made ose of singly with 
their corresponding bar-magnets. As two wires surround each 
coil, one of them may be used to exhibit the induced cwents 
developed by the other. The phenomena of the extra-current 
may also be studied, and the remarkable effect produced by con- 
nectinir the two ends of owr of the wires, or the spark of the 
extra-current in the oth( r, may be cxhibitfd. 

The milled head a, Hg. 7, can be screwed off, and the rod 
ac pushed downwards into the case ; the helix in the centre can 
also be readily lilted out of its po&itioii and removed from the 
glass case — we will suppose this done. The two electro-magnets 
alone are now within the case, and the view is uninterrupted, 
which would not be the case if the helix had been permitted to 
remain. 

The fibre hanging from the groove d, fig. 7, can be so arranged 
that any substance attached to it shall hang between the move* 
able masses of soft iron which surmount the electro-magnets, 
and the same aiTangement can be made for the fibre suspended 

from the groove (P. 

But a body susjieuded between the moveable masses of soft iron 
would be liiddcn by these masses from the audience, and hence to 
render the motions of the body visible the following expedient wa» 
adopted : — fig. represents a thin index of ivory about 4 inches 
long, and shaped as in the figure ; from the centre depends the 
stem, de, which is terminated by a tongs-shaped arrangement 
which can clasp the body to be submitted to experiment; to the 
rig^t of the index a section of the little ivory pliers, by a plane 
passing through the atem at right angles to t is given; the 
stem is slit up to a, so as to allow of the pliers being opened to 
receive the body to be examined, which they then clasp in vii-tue 
of the elasticity of the ivory. The stem de is of such a length, 
that when the body is in the centre of the space between the 
poles, the index i n is seen above them ; and, as the index fol- 
lows all the motiouri of the body underneath, these motions are 
recognized by all who see the index. 

5. If an ordinary magnetic bar, sufficiently feeble, be suspended 
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betw^n one pair of poles, aiul an ordinary diamagnctic bar be- 
tween the otlier pair, on sending the saiue current rouaii botl* 
magnets, the index of the former sets itself parallel to the polar 
line, while the index of the latter sets itself perpendicular to the 
polar line, and thus the phienomena of magnetism and diamag« 
netism addrM thacje minultaDeously. 
< 6. In the same way, if a normal* magnetic bar be suspended 
between one pair of poles, and an abnormal magnetic bar between 
lihe other, the antithesis of their deportment may be made maui* 
fisst. The same antithesis is exhibited when we compare a nor- 
mal diamagnetic bar with an abnormal one. 

7. And when betw een one pair of poles is suspended a normal 
magnetic bar, and between the other pair an abnormal diamag- 
netic one, the apparent identity of deporiment of both bars is 
rendered evident at once. The same identity is shoA\ n when 
we compare the abnormal magnetic bar with the normal diamag- 
netic one. 

8. Causing the points to face each other, instead of the flat 
ends of the poles, and observing the directions given in the 
paper spoken of, the conous phienomena of rotation on raising 
or lowering the body from between the points, first observed 
by M. Pliicker, and explained in the paper referred to, may be 
exhibited. 

9. To show that a bar of bismuth, suspended within a helix and 
acted upon by magnets, presents phenomena exactly annloprons 
to those of soft iron, only always in opposite directions, let the tlat 
helix be replaced between the two electro-magnets. The bar of 
bismuth used in < riments with the instrument i\ow described 
i& G mche8 long and 0 4 of an inch in diameter. Suspended so 
as to swing freely within the helix, its ends lie between the 
moveable maasea of iron which lest upon the dectro-magnetie 
cores. Four ]poles are thus brought simnltaneonsly to bear upon 
the bar of bismuth, and its action is thereby rendered both 
prompt and energetic* The two poles to the right of the bar 
must both be of the same name, and the two to the left of the 
bar of the opposite quality. If those to the rigiit be both north, 
those to the leff^ nin'.t be botli south, and vice vcrs('. On soihI- 
ing a nirrciit from 10 or 15 cells round the helix, and. cxcituig 
the nmgiii Is by a battery of 4 or 5 cells, the current reversers 
place the delicctiuns of the bar entirely under the experimenter's 
control. By changing the direction oi the current in liic helix 

• For the explanation of normal and abnormal bui s se e a memoir ** On 
the Nntiirr nf tbc I'nrce by whicli B ulics nrc vr])flU*(l from the Polos of ft 
Magtict," to be published in the fortiiconiint? part of the I'hilosophical 
Tnmsaetiona. The paper will, ia due time, Ik* traoafened to the (ngea of 
the I1nloso|hiosl Jfagssnie. 
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by means of its rcverscr, a change of deflection is produced ; tho 
same is diVctcd if the polarity of the magnets be changed by the 
revcrscr whic h belont^s to them. For a full description of all 
thcsse phjeaouicua 1 must refer the rtader to the paper on the 
nature of the diamagnetio force, already mentioned. 

10. To those acquainted with what haa been done of late veaft 
in diamaguetiam, nomeroua other experimenta will suggest thein- 
idvei. The antithesis of two isomorphona crystals, one mag- 
netic and the other diamagnetio^ the general phamomena of 
magnecryatallic action, and the analogoua effecta produced by 
pressure, may all be exhibited. 

By placinc; one of tho liclicps of the electro-nintrnet upon the 
other, a coil of clouljh IcnL'tli i.s obtained, and two such coils 
may be formed from the luur which we have described. For the 
additional expense of the iron mcrdv, a single electro -magnet, 
far more powerful than either of the others, because excited by 
twice the quantity of coil, may be obtained. 

I think it would be an improvement if the auepenaiona were 
independent of the gkia ease, so aa to permit of the entire removal 
of the latter. Hie heat way of tho wmg the de6eetion of the bia* 
muth bar within the central helix to a large audience, is to attach 
a long, light index to the bar itself, and permit this index to enter 
a French shade which will protect it sufficiently from currents of 
air. With this arrnnirement the motions arc strikingly evident, 
and may be seen by hundreds at once. The instrument above de- 
S( ribcd was constructed by Mr. Becker, of Newman Street, and 
its cost IS about twenty-four pounds. It was not my intention 
oriprinally to have so much wire round the electro-magnets ; and 
the eiiecLs may also be made manifest with a smaller central coil« 
I have no douot that with 8 Iba. of wire round each Kmb of the 
«lectro->magnet8y and a central coil weighing 4 Iba., the experi* 
menta mi^t be othibited to a large audience with perfect di« 
atinctneaa. A sensible diminution of cost would of courao 
leoompany thia diminution of material and labour. 



LX. Note on t/ie Aberration uj Liyht, 
By the licv. Professor Challis, M,A., F,ILS., F,R,A,S.* 

THE effect of the aberration of light on the apparent place 
of any body of the solar system, is taken account of by 
the astronomical calculator on the following principle : — The 
apparent direction of the body, as affected by aberration, is its 
real duectiou at the instant the light by which it is sceu started 
from it. This rule is enunciated by Dr. lu vol* ii. oi ki& 

* Ccmnnmiwttfd by the Aullicr* 



Digitized by Google 



ftoi. ChB^M on the AiwTtUum of Lighi. 481 

'Natural Pliilosopliy' (p. 294), but is not accompanied by proof, 
timl 1 c not luvt with any proof of it elsewhere. In order to 
prove tlic rule completely, it is necessary first to explain the 
cause to which aberration is due. Jii vol. iii. (1852) of the 
Philosophical Majrazinc (p. 53), i have pruposcil an explanation 
ot aberration which inuy be briefly stated as follows. I a every 
determination of the apparent place of a celt stial oi)ject by an 
optical initmmcnt, the light from the object jkisscs actually or 
virtually through two points rigidly connected with the instru- 
ment. One of these is necessarily the optical centre of the 
object-glass, and the other is a point in the field of view of the 
telescope, which we may suppose to be coincident with the inter- 
ne tioii of two Wires. Let, at the instant oi an observation, O 
be the position of the first point, and W that of the other. Then 
the instrument gives by its prratiuation and by a note of time, 
the direction of the line joinuig 0 and W referred to certain 
fixed directions. If the transmission of light were instantaneous, 
this dueetiou would coincide with the ])ath of the light, sup- 
posing the \mt\i to be rectilinear in the short space OW. But 
if light occupies a sensible time in passing between the two 
points, in that tifiie the position of the optical centre of the 
object-glass has change d, i>y reason of the earth^s motion, from 

to O ; 80 that O nml W beuig simultaneous positions of the 
direct ion-pointa, the instrument gives OW for the path of the 
hsrht, the real path bring O'W, It is found by observation that 
the difference between these two directions is the whole amount 
of the aberration of a star. This general explanation of aberra- 
tion being aduuttcd, the following is the proof of the rule above 
mentioned. 

Let € and p be simultaneous 
posit ions of the observer and the 9 
object, and while iight is tra- 
velling from/) to the observer^ 
let the observer be earned by 
the earth'^s motion Iroin e to K. 
Then, leaving out of considera- 
tii)ii any causes, such as atino- 
spliciic reiiaction, which may 
affect t!ie ronr.'^c of the ray 
before it enters the telescope, 
the object is seen by the of>- 
server when at E by u r ly which 
has de«;criljed the path jjE. Draw 
{)ai allcl and equal to^E, and 
join EQ. Thus by reason of 

»berration as abore'es^laintd, the iminmmitU diieetioii of the 
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object is EQ. la the time that light takes to ^ass from p to % 
let the object move from p to so that EP is its real direction 
at the instant of observation. Consequently the Z.QEP is the 
difference between the instrumental and the real direetiom. 
Draw parallel and equal to pV^ and complete the parallelog;ram 
Q^Pp. Now the earth bemg conceived to be at rest, the a|^ 
parent angular motion of the body in the interval of the trannt 
of light from to £ is the angle subtended at E by the vesaltant 
QP of the motion of the body and the motion Q/) eoiudand 
opposite to that of die earthy vis* the L QEP. Hence EQ, the 
instrumental direction of the body at the time of observationf 
coincides vrith its actual direction at a time preceding the obser<« 
vation by the interval occupied by the passage of the light from 
the body to the observer. This result establishes the rule it was 
proposed to demonstrate. 

It follows from this theory, that the instrnmental direetioa ol 
a terrestrial object, whose motion in space is psrallel and eqnal 
to that of the observer, coincides with the actual direction ; and 
that the instrumental direction of a fixed object, as the sun, and 
of an object having a fixed direction, as a star, differs from the 
actual direction by the whole amount of instrumental aberration. 
The theory also shows that the value of the constant of aberra- 
tion may be in some degree affected by the retardation which 
tlic liirlit undergoes in that part of its course between the direc- 
tion-points O and W, whicli lies within the iiubiitancc of the 
object-^lass, or passes through other glasses. 

(janibri(li>c Ohs?rv«tonr, 
May 11, 1855. 



LXI. On the Periodical Variations of Terrestrial Maffncii^m. 
By A. Seccui, Director of ihe OLsei'vatorj/ of the CoUei^io 
liomano*, 

tConclttded from vol. viii. p. 399.] 
Part II. § 2. On tlie Variaiionsof ilie other Magmtic Eleimnts. 

THE two magnetic elcgicnts, the variations of which remain 
to be determined^ are the intensity and the inclination. 
But as their direct determination is very difficult, an indirect 
method is used, which consists in finding the variations of the 
components of the total force resolved along three coordinate 
axes taken with reference to the horison. 

The position of the dipping-needle shows the direction of the 
resultant of all the magnetic forces of the globe ; and the direct 
method of determining the intensity of this force would be to 

♦ Communicated by Mr, Archibald 6imth. 
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observe the oscillations of the dipping-needle itself. This method 

iias, however, several inconveniences. 

The firist is, that as the time of an oscillation depends on the 
intensity of the magnetism of the needle as well as of that of the 
tarOi, a change in the one might be attributed to the othtr, and 
there are no means of determining in which it has taken place. 
Another di8ad\autage is, that as such experiments require a 
considerable amount of time and no ordiuary skill, they may 
give a great deal of trouble to the observer, and yet leave it iin- 
certain whether the magnetism of the needle and of the earth 
have remained constant in the interval occupied by the obser- 
vation. 

For these reasons, phiiosoj)hers, following the steps of Grauss, 
liave abauduned the direct measurenicnt of the total force, and 
for the same reasons that of the variations of the inclination; and 
have adopted the following method of investigation. 

Conceive the total force resolved along three rectangular co- 
ordinate axes ; one horizontal and parallel to the magnetic meri- 
dian, another horizontal and at right angles to the magnetic 
meridian, the third vertical. For each of these directions i\wYQ 
IS a particular apparatus for determniiug the magnitude and the • 
variations of the components; and from these, the direction of 
the resultant bcmi^ known, the value and variation of the total 
force and inclination are easily deduced. The instrument which 
is nsed to measure the horizontal component is called the unifilar 
inaguetometer. Its office is to v:i\v the absolute valu«' of the 
horizontal force. I^ut the description of the method jiursued 
would lead us too far from our subji et*. It may suffice to 
Kiy, thnt these experiments likewise can only be made at di- 
stant epochs, and th( retbrc what we have already renuirked of 
vibrations of the dip|)iMg-needle is equally app!ic?d)le to them, viz. 
that they cannf)t be used to determine the horary variaLions, or 
those of short duration. These last are usually deduced from 
the variations in the position of a bar placed at right angles to 
the magnetic meridian. The apparatus used for this is called 
the bifilar magnetometer, a name descrii)tive of its construction. 

It consists of a bar-magnet suspended by two ])arallel threads 
in a state of equal tension, which, were a non-magnetic body sus- 

* For the theory of this obsemitioil tee Gauss's memoir Infensitas, 
8tc.; for the yiru'tice sec Webei*s memoirs published in Taylor's SrWMitific 
Uemoin, ami tlic instructions in the nitroduction to the /innuuirt Mog- 
•6iffite et Meteor, of Russia. The metliod is shurtly this ; the clechuatiou 
Mm is made to oidllate» first loaded with certain weights, and then with- 
out tbeni. By this means the magnetic moment of the needle, multiphed 
hr the intensity of the terrestrial force, is obtained ; next, a bar ma^piet is 
placed at flifferent distances from the needle, and from the dcTiations which 
rtprodiices, the value of the force divided by the magnetic moment is de- 
ooed, and from these the magnetic force mav be easily obtained. 

Pm. Mag. S. 4. Vol. 9. No. 61. Jme 1855. 2 F 
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pended from them, would rematii in the plane of the mmditti ; 
but a magnetized bar being suspended, their line of suspension 
Undergoes a torsion until the bar tates a direction at right 
ano'lfs to thf inairnetic meridian, The force of torj^ion eTerted 
by the threads cimnternrt'^ tlie niagnetisni nf the earth, and the 
needle is rendered iu a manner a.static, so as to change its posi- 
tion with the slightest variation of the terrestrial force. Obser- 
Tations with this instrument are made^ with the same case as 
those of the declination, by means of a mirror or collimator 
ittached to the magnet, and observed by a telescope with a gra< 
dotted scale* One preoantion mnst be taken ; as the force of 
the magnet varies in intensity with the temperature, it is neceso 
sary to take account of this, so as to correct the observations for 
its influence by known methods of sufficient accuracy. 

The vertical force is measured by means of the bahnce mag* 
Tieiumeter, invented by Dr. Lloyd. This consists of n hnr sup- 
ported horizontally on knife-edges, which rest upon two aji:atc 
planes, exactly like the brnm of fin oriliuai'y balance. This is 
arrnnered in the plane peiptjndiciilai lo the marrnetic meridian, 
and is adjusted by uieans oi e^iiiall weights, so as to undergo a 
sensible inclination with the slightest change of the vertical 
magnetic force. Its motions are observed vff means of micro*- 
scopes attached to the stand of the initnunent, and eollimatlnf^ 
on the intersection of spiders' webs fixed at the ends of the hu, 
or by observing, as before, the image of a scale reflected hf a 
mirror attached to the bar. 

When the variations of the horizontal and vertical force are 
obtnined, thn variations of the inclinntioii art' deduced from them 
by known if^nnulic. The balance magnetometer, as well ns tlie 
bifilar, is subject to variations depending on the temperature, 
and therefore it is necessary to determine the coefficients of the 
correction. It does not, however, appear that its results are in 
all cases as certain or as exact as those of the bifilar. 

A. Horisonial Force, 

The component which wc arc now considering is that which is 
obtained from the bifilar magnetometer, arranged at right aiidt s 
to the magnetic meridian. The variations may bo expressed lu 
the following manner. 

General Laws. — The bifilar magnetometer is subject to a 
horary variation of a double period, diurnal and semi-diurnal ; 
in the semi-dinmal period the magnitude of the variation depends 
on the geogi a]diicai latitude, and is sero at the equator; the 
phase depends on the angle which the sun makes with the mag^ 
aetic meridian. 

We will demonstrate this by ste^. Beginning with the sta« 
ttons of middle latitude, there is this simple law; the curve of 
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tlic bililar maimetoiiietci- is similar to that o£ the deciinom£terf 
but witli a ri'tardation of ihn-M hour.i, 

Exj)l(in'ihon. — A f^liiiict; at Colonel Sabine's tif^urcs in the 
secfuid vnluinc uf the Ilobai'ton Observaiions, plate 1, p. 5, for 
the dt'clmation, and at plate \<, p. 43, for the component of the 
bifilar maguetoraeti-r, will be sutHcient to show, tliat wliile the 
minimum of the declination occurs between ^0^^ and 21'^^ and 
the maximum at about 2"^, the minimum of the bitilar magneto- 
meter occurs about 23^', and the maximum between I'' and 5^. 
See also the figures in which this celebrated author makes the 
comparison between Uobarton and Toronto in the first volume 
of the Hobarton Observations. At p. 34, plate 1, the curves of 
the declination are shown ; and at p. 54, plate 2, figs. 1 and 2, 
that of the horizontal force; the perfect agreement of the 
cnrvcs will be seen^ (though the scales of the abscissae are differ- 
ent) and the same retardation between Hobarton and Toiroiitf> 
vhich has been already remarked in the declinations. 

Not let us consider the peculiarities of the equatorial obser* 
ntoriee. At St* Helena a sing^olar law holds in the horizontal 
fiine. It has a tmg^ simple peiiod, and the only indication of 
a secondary period is that the axis of the abscissae is not divided 
bv the dirfe into equal parts, but the diumalpart is lesa extended 
t£aQ the nocttunal. See the St Helena Obaervattona, p« dO^ 

Here, then^ the semi-diurnal period vanishes entirely or ueaify 

and cannot be compared with that of the declination. 

But we shall presently see^ in the theoretical law, the true ex- 
pbnation of this singular iact^ and it will be one of the principal 
pfoofs of the theory which we are about to expound. In the 
Tsriatum of this component two very decided periods are evident^ * 
the diurnal and the annual. The diurnal maximum occurs 
between and 0^, and the minimum at 9** or 10*^ ; but in 
May and June (the winter months) it occurs later, vis* at 11\ 
Hie form of the curve shows a rapid increase and an equally 
rapid decrease* The annual variation is likewise remarkable for 
iU simphcity, being a perfect curve of sines. See p. 28, plate 2, 
3. We shall see further on, that at Bombay (kt. 18" 68^ N*) 
tae phases approximate to those of St* Helena, except that the 
Mondsry periods are more sensible, though not much move so* 
horn the two extreme cases which we have here considered, we 
nay infer what would happen at an intermediate station, like the 
C&pc of Good Hope; that there would be a diurnal and semi* 
diurnal period, but the latter considerably less developed than at 
Hebsrton and Toronto* Observation confirms this; and fig. 1, 
^ 40 of the Cape of Good Hope volume shows it at a glanM. 

Ihe period, then, of the hoiisontal force is the resultant of 
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two periods, the one ditumal^ the other semi-dinrnal ; and the 

value of the semi-diuraal period is a minimum at the equator, 
and increases with the geographical Intiturlo. The epochs of 
the changes depend in this case, too, on the hours at which the 
iun passes the niaprnetic meridian, and are somewhat advanced 
in the summer of the hemisj)liure and rt tartlcd m the winter. 

If from the middle latitudes we ascend to the Pole, we shall 
find that the cui ve of the biiilar appears to be iu advance of that 
of the dedinoineter : thia peealiaritv, whieh aeems to ecmplieftte 
the lav which we have enunciated, depends entirely on the eoeffi* 
denta with whieh the diurnal and semi-diurnal period are alter- 
nately affected according to the latitude. 

The following are the laws relative to the annual variation of 
the diurnal means. So far as regards the monthly means, we 
have already remarked that at St. Helena there is evidently an 
annual period dependinir on the sun's declination ; and in order 
to display the effects of the solar declination in the other obser- 
vatories. It would be necessary to repeat the analysis made for 
the magnetic declination. But untbrtnnately, i*eally perfect 
obaervatious are as yet few, and hardly sufficient for the seasons. 
As far as regai'ds Hobarton, the march appears to be not very 
iin]jke that of the dedination. Thus during the smnmeri the 
diurnal variation has its greatest extension^ and bcoomes sue* 
cessively less in spring and autumn, and is at its minimum in 
the winter* 

So far as regards the absdute value of this component^ it ia 

greater than the annual mean in summer, less in spring and 
autumn, and a mininnnti \n the winter. It would not be diffi- 
cult to show, from the nature of this curve, that here, too, is to 
be found the superposition of the two periods dejiending on the 
solar declination and on the hm ai y angle, which are added toge- 
ther in summer, and of which one is subtracted fruin the other 
in winter. At Toronto the effects are similar in the respective 
seasons. At St. Helena the absolute maximum of the honiontal 
force occurs in the months of February, March and April, and 
the minimum in August and September. 

In these variations it is not easy to separate that which ia 
caused by the temperature from that which is strictly the mag- 
netic period, — partly because the temperature exercises an influ- 
ence on the bars, and if the variations arc not accnratclv cor- 
rected there is a danger of error, — and partly, because as the 
temperature affects the force of all magnets, it may affect that of 
the earth also. 

Besides, as the variation of this component depends both on 
that of the inclination and on that of the total force, it is not 
easy by means of the horiioDtal observations akne to determine 
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to which canse each phase must he attributed. A few obsen'a- 
tioDS, nnd those subject to some uncertainty, tend to t-how that 
at St. Helena the annual variation of the inciinfttlon h smnl], so 
that we must consider the variations of the horizoutai loice as 
dependinfj^ entirely on those of the total force. 

At Makerstoun the values of the horizontal conipouent have 
their maxima at the solstices, and their minima a little after the 
oqniiioxeB*. 

• la general in thisi aa in the declination, the montha of April 
and August are marked by the greatest diurnal exeuraioDs ; thia 

is attributed by Mr. Broun to the extraordinaiy perturbations, 
but it probably depends on aome other cansc. Bat for the prin- 
cipal details on the epochs of the maxima and minima, we muat 
racr to the original works, this memoir being already too long. 

B. Vertical Component. 

This is jriven by the balance niaguetonieter arranf;e(I at right 
angles to the magnetic meridian. It follows laws analogous to 
those of the horizontal force. At St. Helena the curve has a 
simple period, but with this difference fi*om the curve shown by 
the bifilar, that the curve of the horizontal force is nearly a 
conre of cosines (reckoning from noon), and that of the vertical 
force a carve of sines. But the mdinients of a secondary period 
arc setni in a slight undulation, which it makes at about 10^, as 
also in the intervals of the interiBeetion of the curve with the axia 
being greater from midnight to noon than from noon to mid- 
night. 1 he maximum occurs between and 6^, and the mi- 
nimum at 20^. Its amount is smaller from October to March, 
during which period it is retarded, and greater from April to Sep- 
teoiber, when it is in advance. 

At the Cape of (iuod Hope the march of the vertical force is 
so similar to that of the declination, that it is susceptible of the 
aune analyses and gives the same reaalts. In these curves the 
dinmal period always predominates, though somewhat modified 
in parts. See Sabine, Ohs. Cape, p. 40, pL 5. fig. 2. 

At Toronto and at Hobarton the usual antagonism displays 
itself in this component. The double period is developed aa 
much as in the dechnation, and the hours of minima and maxima 
are alrno-'t identical with those of the declination. The double 
period displays itself at Hobarton in a somewhat sinL^ulir man- 
ner, producing a maximum towards seven in the evening. 

But to follow out all these irregularities would be very tedious; 
wc will therefore abstain, referring the reader to the works already 
quoted. We will only add, that the explanation of many ano- 

* Makcrstuuu Observations, 1846, p. 32, where also it it mentioiied in 
a Dote that this is contoned at Munich by Dr. Lament. 
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valiM is to be found in the following remarks^ via • that as the 
origin of the periods which are superposed depei|da on the dif- 
ferent hours at which the suu passes toe magnetie meridjan, the 
semi-diumal period has necessarily Tsrious positions with v^nrd 
to Ihe diurnal ; and in this manner Tsrioua infleetiona oeeor 
whidi it would be difficult to account for in any other way. 
For instance, the variations of the inclination given at the Cape 
of Good Hope, p. 44, pL G, can easily be decomposed by an ex- 
perienced c^T into the usual nrincipal periods, diurnal and semi- 
diumal, which ^;ain alternately on each other with vaiying par^ 
meters in the different months,. 

. We may thearefore finish this discussion with the following 
general conclusion : that ''the horiiontal oomponentj as wdl as 
the vertical, mav be deeomposed into a diunial and semi-dinmd 
period, which aepend on the declination of the sun and on the 
geographied latitude/' 

C. IncUnatian and Total Force. 

Given the laws of the variation of the two preceding compo- 
nents, that of the resultant or total force may easily be deduced ; 
and the abaolute magnetic inclination being known, the variation 
of the inclination may also be deduced from the variations of the 
horiaontal and verticu force. 

General Zatp.^'' The phases of the inclination are analogous 
to those of the declination, but three hours earlier/' 

EaplamiHon,^li the maximum of the declination ii aft 2^, the 
mvdmnm of the inclination would be at 23^ or thereabouta. 
This may be seen in the Makerstoun curves, &c., and also in the 
Hobarton curves, the e]q>Ianation of which we will ^ve presently* 

As for the other peculiarities, it will be sufficient to remark, 
without analysing each casein detail, that in general the maxima 
of the horizontal force coincide with the minima of the indiDa- 
tion. 

Colonel Sabine calls attrition to the analogy that eodata 
between the variation of the inclination at Hobarton and Toronto, 
places which are almost antipodal. In these loeslities the vsria- 
tion of the inclination in both its periods is the same at almost 
precisely the same hours, with this difference onljr, that at Ho- 
barton the south pole (tlie lower) is to be considered, and at 
Toronto the north (the lower). 

The total force at Toronto is subject to two periods, viz. the 
following 

Priiiciiinl liiaxiiiimn at . . . 5^ 
Pnncii>al miniuiuiu from , • 15^ to IG^ 
Secondary maximum from . . 18*»to20** 
Hecoiidary minimum from . . 22^ to 
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According to this distingoiabcd writeri an analogous double 
period is wanting at Ilob«rton« and the total force has a simplo 
mogresaion with the miminum at dO^ or 21^ and the maximttm 
between 5^ and the intermediate march being continued 
without interruption. But on carefully examining the curves 
themselvet, given by him at p. 68, pL 8^ it will be seen that the 
•inaplo period exists only in appearance^ and that in certain 
iDonths the secondary period ia verr obvious, and rudtmenta of 
it const in all, though to a very small extent, lliia difference is 
certainly owing to the gieat difference of latitude and magnetic 
force Mween the two places* 

Thete are not yet a suffloiency of published observations at 
St. Helena to determine tbi* law ; but a copious series of ob» 
•ervations at the Cape show a period in the variations of the 
total force almost complementaiv to that of the declination. 
The similarity of the two kinds of curves, which generally differ 
about three hours in their phasesi renders a more complete ana* 
lysis unnecessary. 

D, Chn^lex Period of the Needh* 

The prooeis which we have described for determimng thq 
motions of the needle consists in a series of decompositions of 
the foroesi rendered necessary from the mode in whicn the mag* 
netxc bars are supported. The laws of the variations of the 
components being determined, we may deduce from them what 
would be the motion of a needle, not on an axis, but suspended 
by a single jwint, which won id be its centre of gravity, and free 
to obey every niugucUc vaiiation in whatever direction it took 
place. To give an idea of the couiLuiLil motions which the 
needle makes in a complete oscillation, \^c niiiy refer to two 
fi^urcjj m pai ticular in Snbine's Plate, llubaitoii Ob.x i \iitiuns, 
vol. i. pi. o, the lirst ol winch belongs lu jjcccmber m ilobarton, 
the other to June at tiie s>ame place. The principle upon which these 
figures are traced is the following; — The luuui where the two 
axes intersect u presents tljeniean diurnal position of the needle 
in decbnation as well as in inclination. Along the horizontal 
axis a distiiucc is taken representing the variation of the decli- 
naiioii for a ixivlu hour, aiid fi*om the point so obtained, an ordi- 
nate is erected representing on the same scale the variation of 
the inclination for that hour* Thus are obtained the ^gures to 
which we have referred. 

In Colonel Sabine's Plates, he has given the curves for each 
month of the year, and they are all extremely instructive, but 
the two to which we have particularly referred, the march of the 
curve in the two extreme months of the year, is well shown. 
It may be seen from these, and still better from the whole Uii'i^ 
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that the oBcillation of the needle has ahrays a ckmble period, 
diurnal and nocturnal, but their leapective lengths vary inih the 
season. The diurnal pcriodj eonsiderable in summer, is con* 
tracted in winter, and the nocturnal periodj shcwt and hardly 
disceimible in summer^ is greatly developed in winter; in this 
will be seen the fact, elsewhere noticed^ that the absolute noc- 
turnal minimum is greater than the diurnal minimum, and 
hence we see the cause of the error of those who consider that 
there is a sinj^lc period in winter. But two thinprs are particu- 
larly to be observed in tliese rnn e?!. 1st. Tlic noctvinifil loop is 
always in diametical opposition to the point of noon ; from tliis 
it appenrs that the phases succeed eacli other near the lower 
mendian with the same nnirch as iK-ar the upper. 

2nd. That the magnitude of ( ach loop in the opposite seasons, 
diurnal as well as nocturnal, is in a constant proportion to the 
one diametrically opposed to it, viz. between |th and ^th ; thus, 
for example, the loop of the diurnal curve for December beco- 
ming the nocturnal loop in June, is diminished to about ^th. In 
like manner the diui-nal loop of June, when it becomes the noc- 
turnal loop in December, is diminished to about ^th. This con- 
stant pre)|>()rtion, which is observed in all the months, must not 
be overlooked; and physically considered, it must depend on the 
manner in which the iutiuence of the solar magnetism operates 
across the earth. 

3rd. The appearance of these curves is that which would 
arise from the superposition of two circular spirals with different 
moduli, the one having a simple^ the other a double period. 
The curves which are seen in Wheatstone's undulation machine, 
when two spirals are superposed, the one half the length of the 
other (in which case the projection of the resultant at right 
angles to the aiis ai the tpuals forms a kind <tf c], are evideatiy 
of the same land as the present* 

Mr. Broun has given analogous eurvesto Makerstoun, and a 
glance at these, as in the case of Hobartonj will show the same 
law, though somewhat more eompHested from having grouped 
too many months together, and nom the higher latitude and 
more frequent disturbances. 

Among the points to be remarked in these curves* is the fol* 
lowing v^** Traemg in them the durection of the magnetic me- 
ridian (that is to say, noting the hour at which the sun passes it), 
it is seen that the greatest velocity of the needle occurs when 
the sun passes through this plane, and that the centre of the 
nocturnal loop is to be found in the same line, or very near to 
it, and that the movements of the needle in inclination are com* 
plementary (hut with a distance of to those of the dedina- 
tion.'' 
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From- these fscts we eondade tJiat "s perfectly needle 
voold describe daring .the day a species of doable spiral pro- 
doced by a compoaad circular motion having two periods, the 
one diurnal, and the other soni-diamal ; or ca two periods, the 
one while the son is above the horison, and the other while it is 
below ; the ezcurrions of which are in the proportion that the 
diomal arcs bear to the nocturnal, and have for principal axis 
the local magnetic meridian/^ 

Lastly^ there is a fundauieutal characteristic of all the prin- 
cipal elementary periods^ which consists in the maximum and 
minimum being abmU 6 hour9 diitmUfram one another* 

E. Total Force, 

Colonel Sabine has investigated whether the maxima and 
minima of the total force vary during the year ; from the dis* 
eossion of the observations at Ilobarton and Toronto he has 
arrived at the conclusion that the total force has its maximum 
m the montha of December and January in both hemispherefl^ 
although these correspond to opposite seasons. Such a law cor- 
responds too nearly ^vitb the change of the distance of the earth 
from the sun to admit of our doubting that it depends upon it* 
We have then that the disturbing force of the sun increases 
as its distance from us diminishes, and does not depend on the 
temperature of the seasons." 

The exact determinations of this force hitherto obtained are 
too few to enable us to get out the rigorous expression of this 
law, that is, whether it is inversely as the square of the distance; 
but the fact appears to be estnbliphrd, and will pcrhnp*? be 
brought out by the discussion of oIIk r observations, particularly 
if care be taken to eliminate from tiiem the periodical changes 
which depend on the seaauus, and the secular changes. 

Paut III. 

In this part we will briefly discuss the different hypotheses 
which have heen proposed to account tor the diurnal magnetic 
period, and we will take this opportunity of referring to the 
extraortbnary variations. 

Justice must be done to the enlightened spirit of modem phy- 
sicists, who, intent on the study of I'acts and their laws, care little 
to construct hypotheses ; from this it arises, that whatever Las 
been proposed has been rather by way of conjecture than with 
Siuy real endeavour to cstablibh a theory. We too, m the same 
spirit, and merely for the purpose if possible of combining facts, 
have supposed the sun to act as a great magnet. The explana- 
tions hitherto proposed may be reduced either to thermo-electric 
currents indaoed by the sun in the different strata of the earth. 
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or to the eleetrid^ de7eloped in the meteorologieal eliangw of 
which the ran it the principal cauie. A tingle refleeti«m teenit 
to exelude thete firom bemg prmeipal cantet of the magnetic 
diunial period. The ehtracteriatie faet, as we have alreadbf 
noticedi it that the magnetic elementt haye a double period 
diurnal and noctnmaL 

Now temperature and the other eanaea suggeated haTe a 
timple period^ with greater or leat modificationa it it true, bnl 
not 80 conttantly repeated when the ran ia below the horiion u 
4lie magnetic period it in all dimatea end in att aeaaone. Thii 
appeart to ua a law peculiarly eharacterittic of magnetitn, which 
tikowa it to be ettentially distinct in cause, and to have a eepa* 
rate origin from meteorological phnnomena; in the tame way 
that the aemi-diumal lunar period in the tidea it a proof of a 
special action of our satellite on the waters of the ocean, which 
is universal gravitation. And just as the fact that the tide it 
more or less retarded after the moon passes the meridian, is not 
a sufficient objection to destroy belief in this cause, so tome 
irregularity of a like nature observed in the magnetic period will 
not be sufficient to disprove the reality of the magnetic action^ 
if wc believe the proofs adduced to be otherwise sufficient. We 
remarked at the beginning; of this work, that Arago's observa- 
tions, well discussed, ought to lead to the same conclusions as 
those of other observers; and now that we have, at last, before 
us an abstract of these obst i \ ations, it appears that we were not 
mistaken, and tiiat they aii'uid a striking proof of the cxistcucc 
.of the double period*. 

What has led some to consider tlic magnetic period as n 
simple one, Ikis been, seeinpj that in certain seasons ihe extn iiic 
niiuinia occur at niirlit. Fhe error arises fruui uut ili^tiu- uuh- 
inp^ the absolute from the relative maxima; but these are the 
true characteristics of the phaenomenon, and ought to be looked 
upon as decisive in the matter. 

To this proof in support of the solar nirmnetie theory, may be 
added another, already noticed by Cui. iSabme, and worked out 
by us in § 1 of Part 11. of tins Memoir, viz. the opposite action 
of the sun accordinji; to its declination, the inversion occurring 
exactly at the epoch of the equumxes ; and here another differ- 
ence will be seen between the effects of thermical aud nie- 

♦ We received the fourth volume of Arab's works, the first of his 
scu'iitific \vor1<-, v.fter the present trcnti-'f' xvns finished: we sec with pleR- 
fmre t]i;it mu theories* are not (■onriiulicltd by the obscrvntioui or the ile- 
ductionti of tlu^ eelebrated a»trouuiuer and j)hy8ici9t, m thai, wiUmiit our 
knowing it, our oiiinkms an almost ooiiunUent with bis, We sbott see 
pmentfy how bis obsen ations flunusb an additional proof of a decennial 
period in the magnetic (-han;:! irbieb we expected to find tbei^. For tbe 
double pehod^ see pp. 499, 640. 
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toovelogieal CBiiMSy and the magnetie effect of the iun. The 
fbrmer do not reach their extremes for a eoniiderable time after 
the eorreaponding aatvonomical phases, while the latter have an 
«Imost ezaet eoineidenee irith them. 

We do not pretend, however, that there are not considerable 
difficolties in the way of this hypothesis; and although it ex- 
^kdns very well certain very singular faots,— as, for example, the 
intoval of six hours between the diunial maxima and minima, 
s fact the explanation of which has never, as far as I am aware, 
been even attempted on any other hypothesis, and which yet is 
ao marked in all the magnetic variations in the mean latitudes; 
also the singular exception which it sufiei-s nt the equator, be^ 
coining simple for the horisontal and for the vertical components, 
■nd various other points, — yet we must confess that there are 
some irregularities which our formula do not explain. Of this 
nature is the fact, that at St. Helena, and generally under the 
equator, the period for the declination of the needle appears to 
be rather eight hours than twelve, so that it presents sometimes 
three maxima. Without repeating here what we have said else- 
where in general terms, viz. that these periods may find tlicir 
explanation in those terms of the fornuilre whieh we Iwivc neg- 
lected*, wf! nvAy sny that this fact may simply depend on the 
cr»nfitrnr<iti(in and nature of the ground near to the plrirps of oU- 
seivntion. Thus, for example, at 8t. Helena, mi ishmd situated 
in the midst of the Atlantic, and (■nrir( ly volcanic, the distribu- 
tion of iiiaLcnetism must be very diUcrciit from what it is at a 
place in the interior of a continent; and we know, in fact, that 
the isoi^^onal lines rapidly change their direction in passing from 
seas to continents, and this explanation may also apply to equa^ 
torial stations near the coast. We know too how much the 
vicinity of magnetic bodies may influence the diurnal variation 
of the needle t- This cxjilanalion seems to be confirmed by 
the lact that the diurnal curves derived from the detliiuition at 
St. Helena resemble much more closely those of other countries 
than the uuiiual diurnal mean. Tn fact, the latter is exclusivt ly 
due to the horary angle, and th« njlore more strictly dependent 
on the disti'ibution of the earth's magnetism round the place of 

* Ws iMfe ia erery ease worked oat these formnlK completely, and there 
have resulted tarms whicli, developed in seiies, give sines and cosines of 

triple arcs ; from this we may deduce the explanation of a period of the third 
of a day. But as this devcfop!n( nt may be made in every periodical funo* 
tion, it does not give a legumiatc proof of the truth of' the explanation, 
until wt hava dtmoiiitiated theoratioany that these terms may have oo- 
cfficienta of eooiidenibla aiagiutade, a point whiidi I have not yet invei^ 
ti|ratcd. 

1* See tlip vobtnie of Araj^o already cited, where he relates the expeii* 
meats of Barlow on this subjeett p. 
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otservation. It may also be said that the small maxima in the 
morning and evening, which are in truth for the most p u t only 
indicated, are only a portion of the regular pcnud cut i^horl 
midway by the discontinaity introduced by the passage of the 
sun from above to below the horizon, as we h:\\c elsewhere re- 
marked in regard to the periods observed towards evening in 
high latitudes *. For these reasons we have urged that a com- 
plete explanation of the phtcnomeuon depends on tlie law of the 
distribution of magnetism on the globe. 

It may not be useless to state here what is habitually ob- 
served at Bi:)iiibay, that bcnig a place situated to the north of 
the equator, and in a latitude not very dissimilar in amount to 
St. 1 1 ( U na, the lat. being 18' 53' 30" N. Fioin the observa- 
tions made, al tins place and reduced by Mr. Muutriou, an 
Oiscillation results analogous to that of other countries; having 
an eastern niaximum a little before 8^, and a minimum be- 
tween noon and 1 p.m. Besides which, there are two other 
small oscillations, one near sunrise, the other near sunset ; it is 
evident that this is the iioctm nal period interrupted by the in- 
terposition of the earth. Uunng the night the needle has a 
very small oscillation. The horizontal force has a simple period, 
but with disturbances which indicate the commencement of a 
secondary period ; the vertical force shows a tendency to a iike 
period. When the observations have been coutmued for a 
greater number of years, more certain results will be obtained. 
See Obs. Magn. and Meteor, at the Obs. of Bombay for the 
year 1817, part 1. p. 493, and I'late 1. The Editor of the 
Bombay Observations then concludes: — "The presence of the 
sun seems to produce great magnetic vanatiuns in the day-time, 
ami it is othciwisc manifest that it is not on account of the 
heat only of that body ; for if this was the case, the curves of 
the temperature wonld l)c similar to the magnetic curves. Be- 
sides, the presence of the sun begins to be felt two houi*s bcfon^ 
sunrise, and lasts almost as long after sunset, so that the solar 
magnetic intiuencc appears to be quite independent of the tem- 
perature of the place." 

But we are very far from denying that meteorological causes 
may often affect the needle ; wc know that every meteorological 
change is accompanied by a change more or less marked in the 
vapour of the atmosphere, and therefore by a development of 
electricity. But when the needle is usually seen to complete 
its regular oscillation tranquilly in the midst of the most violent 
storms, and during ttinpe^ts loaded with electricity, with 
tremendous thunder and liu'litning, it may well be asked, 11 hat 
are the conditiom wider which electricity must d^^vehpe itself tii 

* This appcin to nt to be the tmt expknitkm of tiie phwwwiwii oiL 
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miet to affed tkineedUf That tach aa action does exist, how« 
ever, appesis to be proved by tbe hgtf that in our dimates the 
needle peifonns its oseQUttioii with the gioatest regularity 
doring calm and serene days, and that on change of weather 
tins regularity is invariably disturbed. We have, in proof of 
ihis^ a year'a observations at Borne : and it would be wdl to 
disciias magnetic observations more from the meteorological 
point of view than baa hitherto been done. From the few ob- 
aervationB whidi we have made, it appears that light and pass- 
ing overcloudinga have more effect on the needle than tempests 
themselves. We have already remarked elsewhere, that at 
Borne the pertoibations exhibit themselves in that particular 
state of the atmosphere in which there are slightly phosphorescent 
dooda having at night the appearance of the rudiments of the 
aurora borealis. I'his fact was observed by US a second time on 
the evening of the 27th of July. We were making some ob* 
Borvatio&s on stars in the meridian, when towards half-past nine 
we were interrupted by a slight overclouding coming from the 
north ; a very rare occurrence, since generally with us the sky 
begins to overcast in the south-*west. While we were waiting 
kg h to clear, the cloud appeared slightly luminous at the 
edges, so that there seemed to be a diffusion of the milky way 
in unwonted parts of tbe heavens. Soon after this it cltmred, 
and the observations were continued ; but almost immediately 
the same overclouding recommenced with the same luminous 
appearance. 1 tlicn remembered the fact observed before, that 
a smiilar state of the alinosphcrc had been accom])aTiicd Ijy niiig- 
netic perturbation*', and on going to look at the magnetometer 
I found it more than 20 divisions (about 7.'') out of its usual 
position, and the regular observation made at 9*35 had been 
marked by the obsen er as Ijcing an extraordinary one for that 
hour. This was the more striking from the needle havincr per- 
fomu d its diurnal oscillation with the greatest reprulanty during 
the whole of the preceding: season. This was, without doubt, a 
phajnomenon ot the Icind whu li nccompanies the aurora borealis. 
But it may be asked, was the c ondeusation of vapours the cause, 
or the effect, of the perturbation ? It is generally considered 
to be most probable that the perturbation is the effect ; but is 
this certain ? Dc la Rive has proposed, in his Memoir on 
the Aurora Borealis*, a theory which accounts with some feli- 
city for the effects of atmospheric electricity on the needle ; but 
it may be doubted whether this cause is sufficient to explain all 
the facts to which the uutlkor would apply it. Au accurate 
study of the laws to wliich the extraordinary perturbations of 
the needle are subject, combined with the study of the aurora 
borealis, can alone throw light on this question. 

* htdl. Univ. Archiv. des Sciences NaturHks, vol. lixiv. p. 337. 
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All Ihftt we Iraow with oertainty on thti tuBjeet Uln io 
moch beaidcB^ due to Colonel Sabine* He has eoUeoted thw 
prindpal reanlts at which he haa arrived from the diaetianon of 
the Hobarton and Toronto ObaervationB in a memoir inierted 
in the Philosophical Trantactiona (March ISSS), from which we 
will giv6 a short extract, as well to complete the eipofition of 
the laws of the magnetic changes, as to obtain some light for 
guidance in fature resrarches. 

A comparison of the Toronto and Hobarton observations eeta<* 
blishcs, that even the extraordinary perturbationsi though oe* 
cnrring at all hours of the day, yet wheu taken in a mass^ have 
a tegular period, which depends on the local time, and have 
opposite directions in the opposite hemispheres ; so that th* 
perturbations which cause an easterly deviation at Toronto, canae 
a westerly deviation at Hobarton, in conformity with the com^ 
plete magnetic antagonism at the two stationc. Thia fact ia 
elicited without difficulty from the coincidence of the perturba* 
tions observed at the two places in the same day, with a differ- 
ence in local time corresponding to their difference in longitude* 
The general result i*, that cnatcrly perturbations at Toronto and 
westerly perturbations at Hobarton, liavc their minimum in 
number and magnitude during the day and their maximiuii 
during the night. This maximum ocnir^ nt Hobnrton between 
10'* and and nt Toronto at 9^. This dilterciu r iii tinic, as 
wc liave ah*ead\ ri inarked, oecurs in al! the otlier niai^uetic 
changes. The minnnum or curs at Hobarton between 5 and iy 
A.M., and at Toronto betsvi rn 2 and 3 p.m. The easterly }u r- 
turbatiuiiH at Hobarton and tlu \\ ('stt rly at Toronto, have a di- 
stinct period. Their maximum at Toronto is at 5 a.m., and at 
Hobarton at G a.m. ; the minimum at Toronto is bi twccn 9 
and 10 P.M., and at Hobarton at 10 p.m. Taking the perturba- 
tions in mass, and laying down the cur\'e representing their 
mean effect on the curve of the diurnal osedlation of the needle^ 
the following law is elicited: — "The morning ixnturbations tend 
to diminish the ordinary excursion of the local period, and the 
evening ones to augment it." 

This law may be enunciated in another way. "Thei)olc 
which is turned to the sun is by the mean effect of the pertur- 
bations moved towards the east from 5 a.m. to i) p.m. About 
6 A.51. and 0 p.m. it jiassesgero, and the rest of the day is moved 
to the west. The maximum movement in the morning is at 
about 7, and in the evening at about 9. In both places a se- 
condary minimum towards the west is observed at noon.'' In 
other respects the curves are tolerably regular and of the uauil 
form'; but at Hobarton the principal maximum and nunimuni 
are less marked than at Toronto ; the maxdl of the two cuma 
is in direct opposition at the two atationa* Thete eonduMna 



Digitized by Google 



Terreiirial Magmitmn* 



447 



r » with those of Mr< Bnma at Makentoun, Mmay he Men in 
leralte for 1846^ p. 87, plate 1« The following are the le- 
aqlta with reapcet to the frequency and magnitode of the par* 
tufaotiona in the difoent months of the year:'—'' The mean 
Talne of a perturbation is a manmnm in the eqninoetial months, 
less in the winter months, and a minimum in the summer 
months.'' At Uotwrton the difierence between the summer end 
the equinoetial months is soaicdy perceptible. The proportiona 
of the fvcquency and of the magnitude of the perturbi^ons in 
cseh month, relatively to the sum of those observed in a year, 
come out a minimum in the winter months, a maiimum in the 
equinoctial monthn, and intermediate in the summer months* 
These conclusions, however, may be somewhat varied by the use 
of different systems of reduction, depending chiefly on the dc« 
fioitiou of an extraordinary perturbation. This is not the case 
in the laws of the perturbations taken with reference to the dayj 
because in that case all the methods of reduction bring out the 
same result. Thus the same result is seen in the curves given 
by Mr. Broun^ whose method of reduction is different from that 
itted by Colonel Sabine. 

But a most singular fact, which has been discovered in these 
researches, is the start which the mean annual values of tho 
perturbations take between the years 1845 and 1846, when they 
are almost doubled. This beiug a fact of the greatest importance, 
Colonel Sabine has endeavoured to place it beyond doubt by the 
best possible proofs. The following is the table given by him 
(p. 115) 





Ration oi the numbei 


Ratiu.s of the 


Year. 
1843 


ui pcrturbatiuuii. 

0*00 


aggre^tc vuiuei>. 


1844 


0-78 


0*78 


1846 


0-72 


0*65 


1846 


1-20 


M5 


1847 


1*28 


14^ 


1848 


1*43 


1-62 



The circumstance of the last three years lia\ mg latios ahnost 
double of the first three, appears not to be accidental, particu- 
larly when we observe that in the two filjscivatories, which are 
aluiuit anlipodiil, the same fact appears, and that durin*^ all the 
SIX years the riuuic iiistruuients were employed. Besides, iu the 
same years the observed diui ual excursiuiLs of the declination, of 
the inclination, and of the total force, 1 ave sensibly increased 
beyond the hmit of any ])robablc error. Lastly, the same 
fact, in regard to the diurnal excursion of the declination, 
results from the observations of Dr. Laniont at Munich lu 
Bavaria. Further observatioDs may throw much li^kt on this 
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subject* For tlie pmeiit we cm cnly say with Colond Safaioei 
that 10 general a diange in the march of all the magnetic de* 

mcnts demands a proportionate cause; and that as these do not 
anae from the ordinary effects of the climate, which in these 
years have exhibited no extraordinary change^ it is necessary to 

seek some other cause* 

Colonel Sabine also points ont die singular coincidence be- 
tmsen the years of the maximum and minimum of these mag* 
netic changes and those of the maximum and minimum num- 
ber of the solar spots, observed by Schwabe in these years* 
This iramber was a minimum in 1833 and X848| and a maxi- 
mum in 1828, 1837 and 1848. From these and from other ob- 
servations. Wolf has deduced a decennia] period in the changes 
of these spots; and it remains to investigate whether a like 
march can be traced in the older magnetic observations. The 
publication of Araijjo's observations has come opportunely for 
this comparison. From the table at p. 500-501, vol. i. of bis 
Scientific Works, the declination-needle appears to have had a 
miniiiiiini excursion in 1823 and 1824. Before that it waa 
greater, and having reached this minimum, it increased continu- 
ously until it arrived at a Timximum in 1829. These epochs 
correspond with those derived from the period observed in the 
solar spots, which was a maxiniiun in 18*^8 and a minimum in 
1823. From the Gottingen observations, we find a maximum in 
the excuraioiis of the declination-needle in 183G-37. This 
maximum ai^o cuiiituic^ with a maximum of the solar spots iu 
Schwabe's table*. Hence Colonel Sabine thmks it not impossible 
that changes in the solar atmosphere may extend their intiucnce 
to the earth in the form ot mafrnetic action. 

The truth is, that to euiisidcr the whole complexity of mag- 
netic perturbations as a mere meteorological effect, appears to 
be assigning to tlicm a cause not adequate to the effect. The 
fact mentioned above, thai liie maxima of the perturbations at 
Hobarton succeed each other witii tlie same retardation as the 
other magnetic phases, is one which cannot be explained cither 
by the retardation of the effect of temperatures, or by the con- 
densation of vapour. We cannot conceive how these should 
aeconnt for the general retardation of one hour. It is then a 
purely magnetic fact^ the explanation of which depends on that 
of the physical canse of solar and tenrestrial magnetism. The 
same may be said of the greater perturbations at the epochs of 
the equinozes, which certainly bear no rdation to the state of 
the atmosphere or to the solar heat. Colonel Sabine makes the 

* Results of the Ma^etic Observations made by Gauss at Guttingen, 
vide Taylor's bcicutilic Memoirs, vol. ii. part 1. art. 2. p. 6/ ; see Hum- 
boldf ■ UorauM* Tol. iii. p. 292, Sabine's transiatioQ. 
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Mute observation, that the coincidence of the solar spots with 
the maxunuiu of the pcrtuibaUuub demiinds a co^smicdl cause, 
depending on that hody*. 

Wc may be permitted to refer here to the hypothesis of Mairan 
on the sohir atmosphere, and on its relation to the zodiacal light 
and {lie aurora borealia, and therefore to the laagnetic per- 
turbations. We are far from admit nn^; the theor}' as proved, 
since it appears inipossil)le to admit that tlie sohir ;itmosphcre 
extends so far as half the radius of the orbit of ATcrcuryti 
whence it is rather to be inferred that the zodiacal light depends 
en a nebulous rmg circulating round iiie sim between Venus and 
the Earth. 

But whatever hypothesis be adopted, there arc various coin- 
cidences which may be deserving of regard. Mairan had, even 
in his day, remarked the greater frequency of the aurora borealis 
at the equinoxes J, the epochs at which the 'zodiacal light is must 
Visible. Neither had the relation between the greater frequency 
of the aurora borealis and the epochs of the greater solar spots 
esc2U>ed him, a relation already remarked by Cassini§. 

The paucity of observations at that time permitted suggestions 
to be made which have been since proved to be groundless; 
but in general such coincidences are worthy of consideration. 
Modem observations of the eclipses of the sun, of the protu- 
berances and of the corona, as also of the spots, of the tem- 
^rature of various parts of the disc, as well as photograpiiic 
impressions, have placed beyond doubt the existence of the 
solar atmosphere even beyond the zodiacal light ||. In read- 

* It may be saif^, thnt m tlie spots are apertures in the atmosplicre of 
tht sun, thev ffive freer passage to th»' ina|?netic action of the solar iiuck us. 

t bee Mairau's Works, p. li^i>, m which for the months of the year ihe 
fcOowing numben arc given relative to the frequency of the mrara, begin* 
ningwith January,— 21, 27, 22, 12, 1, 5, 7, 9, 34, 70, 2(1, 1 ' .Uotrontiir 
fAmrore Boreale, suUt d9$ M^oires rie VAc. des Sciencetf 1731* 

X Vide IInmbol<!t, vol. iii. p. 413, JSabaie's edition. 

^ VieU UutiibolUt's Cosmos, vol. iii. et seq,, Sabine's edition. 

i In the past winter I have been engaged in taking the solar di«c 
an j^atei of glass, in order thus to conllnn the dtBCovery made in 1852 
of lae ^fference of temperature in different parts of the iH&c. The im- 
pressions obtained were stron^-er in tlie <vTitre tlnm at t!it> e(lj:^es ; but 1 
have abstained from pubhcatiuii, bcciiuso I (io not com^uIcv tlii«! proof as 
very deciaivti. hi fact, the image caimut have an euual intoutiity m every 
part of the field of the telescope, on account of the obliquity of the different 
peneils of rays which compose it. It is of l i rwise in the thermo-elcctrie 
crpcriraent^, where the pile remains invariable in regard to the axis of the 
lens, and therefore this obliquity hardly exista, or is equal for all points of 
the diic from wliich rays fall upon it. I think it rigat to »ay this, because 
I find photographic experiments recently brought forward as proofs of the 
imaUer intennty of the light at the edgies than at the centre, and I think 
j/t probable that thejr nugr be aiifcgeet to the exoeptioiia which I found in 
■ly own. 

FhU. Mag. S, 4. Vol. 9. No. 61. Jw^ 1855. 2 G 
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ing Mairan, one cannol hdp aaebg the ienont diffienhy wliiell 
he fiodi in esplaining wbj the ewffii have their maximam 
at the equinoxes^ and not at the epoohs at which the earth 
paasea through the nodes of the solar atmoephere ; bat do we 
tnily know the plaee of the nodea of .the sodiacal light ? He 
assumes that th^ aie the aame aa those of the aohur equator^ 
hut thia ta not proved; and if the zodiacal hght constitutea a 
ringi it might weU he otlienriae* On the magnetie hypothesis 
the greater frequency of the aurora at the epochs of the equi-> 
noxes would have relation to the position of the poles of the suh 
with reference to the earth, these poles being in fact more 
directed towards the earth at the equinoxes^ and being mere of 
less oblique to it at other tunes. 

Tliose who hold the theory of the produetioii of electricity by 
vapours, may say that these hecome rarefied in the morning 
and condensed -in the evening; and hence may arise opposite 
electric states, the fluid passing in the morninj; from -the earth 
to the atmosphere, and in the evening from the atmosphere to 
the earth. This may be true; but why should this condensa- 
tion alwavs take place at nine in the evening? The hygrometric 
carves of the diflerent moutlis show at all events a variation in 
the hour of maximum according to the seasons. 

A hypothesis, however, can be found which would conciliate the 
various facts, viz, that atmospheric chanp:cs may generate elec- 
tneity, but th;it the direction of the current, which of itself 
would be indetcii'mmate, may be determined by the magnetic 
action of the sun. But to expand this further into a hypothesis 
would be at present premature. We will only say that it is not 
improbable that the earth ia subject to the magnetic action of 
the aon in a manner nnknown to na ; but now that magnetic 
pluenomena are developing ihemaelyea under so many aapecta» 
we may hope that the eiplanation of these mysterious 'aetbn^ 
will soon he found. Not only magnetism, bat diamagnetiam 
also may cooperate, and atiU more the induced eurrenta which 
enat in bodies of every kind. Two things only I wish to notice. 
Krati the value assigned by Gausa to the magnetiam of a cubic 
metre ni the earth^j ia anch as to make one believe that the 
whole mass of the earth is really magnetic, and that thia fores 
lesnlts not only from ferruginous substances, but from the whole 
globe itself. He proves, in fact, that the eighth part of a cubic 
metre of the earth baa a magnetic moment equal to that which 
is posseaaed by a bar of steel 1 lb. in weight and 80 centims. in 
length, magnetiaed to saturation, lie justly observes, that such 
a result must surprise physicists, and that it would require 84d4 

* GcMnaTheoiy olTefisstrial Ifsgnetei, Tsykr's ScisBtifie MssMim, 
vol ii. part <>» ait, 0. p. 226. No. 31. 
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liiDknw of iQeh bin to v^raait in B}>aoe the mig&etie fdiee of 
tiie anth 1 Tbe otiber i% tbat magnetism may aet upon bodiei 
in a manner qaite surpriiing^ and of whieh we are very fkr from 
ftrming an idea before seeing its effectt'l'. Tbe marveUoua 
experiment performed with Ruhmkorff's apparatus, in whieh a 
•abe of braaa^ % eentims. in the side» rotating with tbe greatest 
rapidity is stnick motionleaBy if I may use the expression, by an 
inviaible force at the moment of tbe completion of the circuit of 
the great electrical magnet between the poles of which it is 
aitoMted^ and withoat being drawn to one side or the otber^ 
remains there find, in spite of tbe powerful torsion of tbe wire 
which tends to cause it to rotate^— -and reaomca its lapid motion 
when the current ceases, — proves that non*magnetic bodies in 
motion may, under the influence of a magnet, give rise to phjs* 
noraena of the most mysterious nature. An action of this kind 
mnst take place between the earth and the sun, and thus per- 
haps niay be fxpldiiKcI some of those anomalies which stiil 
preseut no small diiiicultics to pvrn' theoiy which 13 proposed. 

The object of this memoir ha\ iiig been to cooi diiiate the laws 
of the diurnal motion of the needle, we leave to another oppor- 
tunity the discussion of its secular variations, as well as of the 
lunar action, whieh appears to Colonel Sabine to have been placed 
beyond doubt ; and perhaps the time is not distant when the 
diurnal magnetic variations will have been subjected to laws 
depending only on the most simple relation of distance and angle 
between two magnets. 

ConcUmon, 

Tbe matters discussed at length in tbia memoir may be 
aammed np in the foUowing ^nropositions : — 

1. Tbe acticm of the sim upon the needle is Ojppoaitey according 
as the sun is north or sontb of tbe equator. 

%m The action of the sun on tbe dedination-needle baa a 
period, in part but not entirely, analogous to that of the tempo-' 
rature and of tbe annual and diurnal meteorological changes. 

* I owe it to the ki&di^ of R. P. Pall«diiiiy Pf o fe s w i in the Ck>Ikge 
at Naplef^, that I was a ^vitness of thi« ma^ificent experiment performed 
with the apparatus with which he has pronded the physical cabinet of that 
college. In truth, one cannot but be surprised at seeing a body rotating 
with saeh velocity, stop at llie inataat at which the circuit is completed, as 
if it bad encountered an invisible obstacle. The torsion g^iven to the 
thrcnd was sufficient to make the cube rotate Mritb such velority vi^ to ap* 
pear a cylinder, and yet on completing the circuit it stop^d instautly, and 
iHwn the current was sufficiently strong, it stopped without the angles 
heing doected to the poles of the magnet (as is usual in the case of Weak 
cnrrenta). Tbe explanation of this fact is involved in the pha^nomena of 
the ma^etism of rotntion, but T wished to adduce it a<^ an instance of how 
a iorce already known may act iu certain drcumitaaces in a new and 
astomthing manner. 
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S. The periods of the lioruKmtil iiidTefCiedeompoiients, 
lowing the Uw of the gcographicel lititiide, and ooeoniBg at 
home wholly difierent firom the mkitioiu of tempetstni^ uow 
s different origin from these. Therefore, if the eoinddeDoe in 
time^ in the veriationt of the temperature and dedination, hate 
eontribnted to the belief of Uie enttence between these two of a 
mutual relation of canse and effeety the study of the other eom* 
poneots makes this eoineidaiee disappear^ and therefore destroys 
e?eiy foondation of the hypothesis, 

4. All the phsenomena hitherto known of the dinmal mag- 
netie variations may be explained by supposing that the son 
acts npon the earuk as a very , poweKfu magnet at a great 
distance. 



LXIL On Table Spar from the Mome MounluinS, 
By Dr. M. Fqjister Hxddle*. 

HATINO by my analysis of the Edinburgh Castle Bock 
peetoUte taken t4Ufie tpar out of the list of British mine- 
rals, I have more than usual plessure in reintroducing it fiom 
the Mome Mountains. 

Two analyses were made ; the first on a specimen sent me hj 
Mr. Greg, the second on one obtained fxom an Irish desler^ with 
the following results: — 





On 25 grs. 


On30gri. 


Silica . . • 


. 51-360 


50- 134 


Oxide of iron 


•980 


840 


Lime « » • 


• 42-500 


43-920 


Magnesia 


•484 


•39G 


Water . . 


. 1*480 


1-3G0 


Carbonic aeid 


• not det. 


2-371 






9^821 



The powdered mineral absorbs '142 per cent of moisture^ and 
before Uie blowpipe gives slight and but momentary evidences of 
the presence of soda. 

Both of the above specimens are contaminated by an admix- 
ture of carbonate of lime^ doubtless derived from the matrix, 
which is limestone altered bv beat. 

The table spar from this locality bears much resemblance to 
the pectoUte found on the Ayrshire coast, consisting of a vein of 
diverging and interlacing white fibres. 

Seeing that table spar has been formed by the fusion of lime 
and ailica in a crucible^ it is probable that the mineral may have 
been formed in a similar manner^ the granitic heat inducing the 
combination of a siliceous vein with its calcareous matrix. 

^ CoiiUfiuni(»iU:d hy the AuUiur. 
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LXIIL OnikeBmgok8eriei.^Tutlh Note mt $m€ DtruMt' 
im$ of Xylok. By Abtbua H. Cbubch> E$q,* 

WITH xylole, the third member of the benzole series, we 
have at present but slip:ht acquaintance. Cahours, to 
whom we owe the discovery of tliis liydrocarbon, has, I believe, 
not yet pubhshed the details of his investigation. Having had 
occasion to prepare pure xylole in order to make a determination 
of its boiling-point -f, I imagined that a study of sonic of its - 
derivatives might prove of interest. The small quantity of pure 
xylole having a constant boiling-point of 120^*2 at my disposal, 
induced me to employ for those experiments, an account of which 
I propose to give in the commencement of the present paper, 
the whole of the crude xylole boiling between 124° and 130° 
obtained from two galloua of light coal-naphtha. In following 
the directions of Ci&ours for the preparation of this hydrocarbon, 
I did not obtain from 16 os. of the oil from wood naphtha more 
than 1 OS., boiling at ton 128^ to 

1. PrqHvaiiaii of NUroxykk and Xyliditie* 

Crude xylole was dissolved in nitric acid of spec. grav. 1*5^ 
the acid bemg kept cool ; the nitro-compoond formed was then 
separated by the addition of water, and washed until free from 
nitrie add. Nitrox^lole thiis^ obtuned is a yellow oily ]i<juidj 
beaner than water; its odoor is less pleasant than that of ni^ro- 
beniole; only when impure does it decompose on keeping. By 
the well-known process of redaction the nitroxylole was eon* 
Terted into zylicUne; this base was then purified by repeated 
crystallisation of ita combination wiA oialie aeidi alterwarda 
the xylidine was separated from this salt by distiUmg it with 
lime. The xylidine was dissolved in hydrochloric acid, and a 
eoosiderable quantity of bichloride of platinum solution added. 
At first a slight precipitate took place; this was redissolved by 
the addition of a small quantity of water ; the whole was then 
aet aside under a bell-jar with oil of vitriol. By fractional cry* 
atallisations of the platinum salt I hoped to obtain a xylidine 
compound, from which, by distiUation with caustic soda or 
potassa, pure xylidine might be procured ; for we know in many 
cases how excellent a method of separation that of fractional 
crystallization is, and special inquiries by Anderson, C. G. Wil- 
liams, and others have proved the advantage of this method for 
the purification of the platinum salts of a series of bases isomeric 
with that to which xylidine belongs. After twelve hours^ the 

* Communicated by the Author. 

t nuhMophicd Msgsstne* Apiil 1856. 
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solution to which hicUoride of platimim had been added, had 
deposited a crop of er3r8tala (!•)• 

This first crop of crystak eonaated of aloidflr needka. 

!• -7225 grm. gave *2088 grm. piatmum : — 

Per cent, phtiniiia. Iheivy (cumidiDe). 

28*89 28*92 

The aeeond crop^ of needles aiiiiilar to the first emp. 

II. '5502 grm. gave *16 grm. platinum : — 

For cent, platiunm. Thsoiy (cumidiiic). 

29*08 28*92 

The third erop, ateUar gnmpa of ahort yellow needka. 

' nit *d25 grm. gave *09S grm. platinum ; — 

Per cent. platiiuiBL Theory (xylidine). 

80*15 80*16 

Tk» fenrth. erop, similar to the third. 

IV. '8254 grm. gave '099 grm. platinum : — 

P« cent, plntianm. Theory (xylidine). 

3039 30 16 

^he fifth and sixth crops, of short, flattened^ orange prismi^ gMS 
respectively 80*2 and 80*88 per eent. of platiniim. The amith 
eropi fine gdden-yeUov acalea. 

VII. '2015 grm. gave '0632 grm. platinum : — 

.Per cent, pktinnm. Theory (toluidine). 

81*36 81*51 

Preliminary eiaminationa with small quantitiea of a adatifla 
similar to that fironi which were obtained the crops of crystth 
described abovei gave me aome idea as to the proper time for 
liie aeparation of each successive crop. Crops I. and II. (ciimi* 
dine platinum salt) weighed together less than 2 grms.^ while 
ihe united weight of crops III., IV,^ V., and VI. jMhdine pis- 
tinoih salt) was not less than 25 gnns. Of crop Vu. not nflcs 
than *8 of a gramme was obtained. 

22 grms. of xylidine platinum sslt were introduce into t 
Florence flask with an excess of canatie soda, the neck of the 
flask beitig bent and connected with a condenaer* By distills^ 
tioh a large quantity of a nearly colourless oil waa obtained ia 
the receiver. Thia oii waa lylidine, C^Hi* N. 

Xylidine rapidly attracts oxyaen from the air, aeqoinng 
leddish-violet colour and gradually resinifying. It tamadaUis 
"paper green/ aiid slightly restores to reddeued litmus pi^)eriti 
original blue tint; the oxalate and sulphate^ w|iieh wcra tb^ 
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only atlto I piepared^ have an acid reaction. Xylidine boils, 
•ceording to ray detennination, at 213^ to 214^^. Hie sulphate 
of xylidine is difficultly soluble in eold wateti but cryatdliiei^ 
Aom hot wAter in long cdonrleis needles. 

2. Fr^^&Hm of NUro^lphoM^kdio mid BidjfkmifUBc 

One portion of the pure xylole boiling at 12G\'2 I treated with 
fnming nitric acid, &c., and dissolved the nitroxylole thus ob- 
tained in fuming sulplmnc acid : after three days (the liquid 
having been heated for one hour at 100° C.) the solution was 
diluted with water^ saturated with carboiiate of barium and 
filtered. The filtmte, evaporated nearly to dr}'ncss on the \Yater- 
bath, yielded a lemon-yellow crystalHne powder, nitro-sulphoxy- 
lolate of banum; in quantity, however, too small to admit of an 
attempt to isolate the acid^ or to form from this barium com- 
pound other salts b^ double decomposition. On ip:nition and 
treatment of the residue with nitric and sulphuric acids f, — 

•42 grm. ot the barium salt gave '1607 erm. of sulphate of 
barium^ correspondiii:;: to 22*5 per cent, of oarium; calculation 
as C»« NO^ Ba ^2S6-^ requires 22"94 per cent. 

The remainder of the pure hydrocarbon at my disposal (2*5 
grnis.) was placed in contact with four volumes of Nordhausen 
sulphuric acid, and set n^kh for a week : at the expiration of 
this time, radiatmg tufts ot needles, long and perfectly colourless, 
filled the xylole, still partly undissolved by the sulphuric acid ; 
these crystals were colketod, placed over sulphuric acid, and 
enclosed in a i:l;iss tube which was ail erwards sealed ; they were 
pure suiphoxyiolie acid. This substance has a strongly neid 
reaction; at first its taste is snui-, then but( r ; it crystaUizes 
well from xvlolej is exceedingly soluble in w^ater and in sulphuric 
Jicid, deliquesces ra])idly in the air, may be fused in vacuo or in 
xylole vapour \vithuut derninposition, but if heated above its 
fusing-point, acquires a dark colour : the fused acid cr}stallize8 
on cooling in fine prisms. A barium salt prepared from this 
acid gave me 26*93 per ceuU bariuoi ; theory as G^^ Ba2S0* 

* I had iotended to mslce a eombusdoii of this base, but wsi prevented 

bjsn accident whirh orenrred to the nppfirattis In which T was heating the 
xylidine ni order tn di tcrinme a second tirae its hoiling-pijinr. I retained, 
however, a small portion whidh bad diBtiUed twice at a little below 2 i and 
Miliioed k wmSk Sf^una add* '3 grm. of this sidphsto fate by precip|« 
tatkm with cUoiide of bttiutn *2047 gnn. of sulpli ite of barium, cones 
iponding to 2811 per cent of SO^; the fonnul* C'*H"N SO^ requires 
28-23 per cent. 

t The same process wm adopted io {^^ the Other detennmaUona of 
bahum given in the present paper, 
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requires 27*02. The sulphuric add used in the preparation of 
this sulpho-acid had acquired a reddish-yellow tint^ and gave 
after neutralization with carbonate of banunij filtration and eva- 
poration, a second portion of sulphoxylolate of barium. Of this 
salt 'oOOl grm. gave "2287 grm. of sulphate of barium, corre- 
sponding to 27 01 per cent, of barium; calculatiou as C*^'H* 
Ba2S0^ requires 27 0:2 per cent. 

Sulphoxylolate of barium crystallizes in pearly scales similar 
to those of fiulj^liotoluolatc of barium ; if to its hot concentrated 
aqueous boluLiuu cold water be added, I have occasionally found 
the salt separate in beautiful iridescent plates. The aqueous 
solution is not altered by ebullition. 

I append the analytical results of those ex|periments relating 
to pure tolttole (boiling at 108*7)^ spoken of in my former note 
on the heniole series. The nitro-smphotoluolie and snlphoto* 
luolie acids were obtained in the same manner as the eonespond- 
ing terms of the xylole series. The determinations of solphate 
ofba rinm were made by ignidon of the barium compounds with 
the precautiims prerionsly mentioned* 

I. Analysis of tolude. 

*4024 ^prm. of oil gave '8151 grm. of water and 1'8450 grm, 
of carbonic add. 

These numbers oomspond to the following per-centage eom* 
position:** 

Experiment. Theory (C^ H«). 
Carbon . . . 9M5 *91-3 
Hydrogen , . 87 8'7 

^IL Determination of barium in nitro-aulphotoluolate of 

*8022 grm* of salt give *1289 grm. of sulphate of barium, 
corresponding to 25 per cait« of barium; theory as C^^H^NO^ 
Ba 2S0^ requires 24*41 per cent.* 

III. Determination of barium in sulphotoluolate of barium* 
*705 grm. of salt *849 grm. of sulphate of barium^ cor- 
responding to 29-14 per cent, of barium ; theoiyasG^^H'BaSSO* 
requires 29*08 per cent. 

May 1855. 

* The excess of barium given by experimeDi orer that requiit'd by 
theory arose ftmn a dight admijitare of mtnte of bsrinm with the original 
sail. 
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LXIV* On the Existence of an Electrical ^ther through Space. 

By Geoboe James Knox^ Esq* 

_ _ » 

7o the BdUors of the PMkmphkd Magagme and Journal* 

Gentlemen, 

IN the year 1810 you were kind enough to insert in your 
Magazine a paper, entitled "On tlie Direction and Mode 
of Propagation of the Electric Force traversing Interposed 
Media/' ia which memoir I cndcavourtd to prove, from the ex- 
periments of Sir H. Davy, that an electric curre nt consists m 
alternate states of induction and equilibrium of the particles of 
the medium conveyin<^ the current, the intensity of the current 
being ])roportional to the rapidilij of chunye of induction and 
equilibrium, and consequently that the mass of oscillating rether 
surrounding the particles represents the quantity, while the 
rapidity of the oscillatiuus represents the intensity oi au electric 
corrent. 

Your March Number contains some very interesting experi- 
ments which were made by Mr. Latiiuer Clark, on the transmis- 
sion of currents of electricity of varying intensity through 7(i8 
miles of gntta-pcrcha wire, indicating a velocity of propagation 
of about 1000 miles m a second^ which velocity is sensibly uni- 
form for all intensities from 81 cells to 500; which results^ 
Dr. Faraday remarks, " afford a fine argument m fa\ our of the 
opinion of those who suppose the electric current to be analo- 
gous to the vibrations of air under the action of sonorous bodies/* 

The experiments of Professor Grove on the electro-chemical 
polarity of gases (vol. iv. p. 513), where he obtains rings alter- 
nately bright and oxidated^ showing effects of oxidation and 
reduction by the same current on the same plate, he considers 
as analogous to the phjenomeua of interference in Hght; 
though doubtless, if this be a right view, the very different 
modes of action of light and electricity would present very 
numerous phaenomcnal distinctions.'* 

The idea has lately beeu presented to my mind, that the o-^cil- 
lations of the electrical sether in combination with the particles 
of the medmm couveymg a current, produce undulations, not 
only in the sethera of light and lu at, but also in another aether, 
which Dr. Draper calls the tithonic aether, which, if experiment 
proves to be the case^ should be more correctly termed the elec- 
trical aether. 

Dr. Draper, in the year 1847, uudertook a series of experi- 
ments upon the rays of light emitted by iucandescent bodies, 
from which he concluded that when a platinum wire is heated 
by the voltaic pile or otherwise, it emits rays of light, which 
increase m refrangibility proportionally to the increase of heat. 
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.whieh he eqiliins thus At the lamiDOiu e£feefai tie undoobt* 
ediy owing to a yibffatoiy moTement exeeuted hy the moleeules 

of the platinum^ it aeemt from the foregoing conaiderations to 
follow^ that the ficeqaeiicy ot thoie vihratioiit increttet with the 

temperature." 

Sir David Brewster has observedi that inthetpeetrapfodoced 
by the electrio light the chemical rayt tft more namermit than 

in those produced by the lime light. 

The problem then to be aolved is, — whether the chemical rajfi 
be produced HfeoUy by the oscillations of the electrical «ther m 
the platinum wire^ or tndireetly by the heat produced. 

This question might be resolved by observing the effect pro- 
duced by voltaic piles of different intensities, the heat remaining 
constant ; and if so, it would afford a strong argument in favour, 
not only of an oscillatory movement in the electrical aether in 
combination with the particles of bodieaiy but alto of theexiatence 
of such an aether through space. 

I have the honour to be^ Gentlemen, 

Your obedient Servant, 

QlOBOB JAUBt KmOX* 

2 Fiochiey New Road, St. John's Wood, 
May 3, 1855. 



LX V, On a Now Compoimd of Gold md Meronry* 
By T. H. HiNET, &q., F.R.S.* 

WHEN gold is treated with mercur}' in large excess, a defi- 
nite compound is formed wliich remains dissolved in the 
mercury, from which, however, it often separates in a ci^stallinc 
form, and from which it may be almost entirely separated by 
mecbanical means, such as pressure tlirough chamois-leather. 
This solid amalgam crystallizes in four-sided prisms, and con- 
tains six parts of gold to one of mercury, and fuses on elevating 
the temperature (Gmelin, vol. iii.). The mercury, however, 
which has passed through the chamoia-leather always contains 
gold, in proportion varying from « minute tnee to 10 grs. in 
the pomid. in the metaUargietl pioeettat for eitraeting gold, 
it becomes important to estimate the amoimt of gold remaining 
* in the fluid part of the merearjj and it was daring some ezperi- 
menta made with the view of ascertaining the beat meUuNl of 
doing ao that this new amalgam waa discovered. 
* niis sabstanoe is best obtained by dissolving gold in mercury 
in the proportion of 1 part of gold to 1000 of mercury, about 
7 gra. to the lb. avoiniapoit^ tqneeting the eolation throagn 

* ^ ■ ■■' iniiiil III ilii Aiiitinii 
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cliamais-leather, and dissolving the mercury in dilate nitric acid 
with gentle heat. The compound is left in the form of four- 
gided prisms of the most brilliant metallic lustre, which may be 
boiled ill nitric acid without decomposition, and exposed to the 
atmosphere for months without becoiTiing tarnished. On ex- 
posure to heat they do not fuse, but aiford a sublimate of metallic 
mercury, amounting in my experiments to rather less than 12 per 
cent. ; the form of the crystals remained unaltered, their lustre 
was little affected, and the residue consisted of pure gold. This 
would correspond to a compound of four atoms of gold to one of 
mercury ; — 

Au . • . 197x4=788 or 88-74 
Hg • . . 100 100 ... 11-26 

888 100-00 



LXYI. Proceedmgi of Lrnned Boektia. 
BOTAL socnrr. 

[Continued from p. 398.] 
Feb. 1, 1855. — Colonel Sabine, Treas. and V.P.» in the Chair. 

THE following^ commtinicfition was read • — 
*' Micro- chemical Researches on the J)ii^estion of Starch and 
Amylaceous Foods." By Philip Burnard Ayrea, M.D. Lond. 

After some general historical remarks on the metiaods hitherto 
employed in the investigation of the complicated phaenoniena of tiie 
process of dige&lion, the comparatively small results obtained by 
chemical aualysia of the contents of the atomach, intettiiial canal, and 
of die evacuations, bv Tiedemann and Omdin« Beradina. and o^wra, 
the author proooedea to demonatrate the neceeaity of a minute «• 
amination of the contents of the alimentary canal by the microseope, 
and anch chemical tests aa we poesess for the determination of the 
changea of such artidea of food as exhibit definite stnictore. 

In order that we may ultimately arrive at a complete exposition 
of the phrpnompna of dig'e^tion, he is of opinion that it will be neces- 
sary to exjimine, — fir^t, the structure of particular kinds of food, 
then the changes produced in them by cooking, and lastly to trace 
the chan^^es they undergo at bhort inttrvais, through the alimentary 
canal from the stomach to the rectum, 'flic results of a series of 
researches of this character on the changes in starch, and starch- 
eontninhig foodst are presented in this mem<^. 

Hie method adopted for the examination of the changes in starch 
and atareh*fooda waa as foUows : — ^An animal was kept fasting 
twenty-four homns, and afterwards confined to a diet consisting A 
^e starch or amylaceous food, with water, for five or WSL days* until 
the debris of all other kinds of food previously taken were cleared 
from the alimentary catml. At a determinate time, after a meal, 
the animal was kiUed« the abdomen laid open as i}]aiokly as possiUt, 
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and ligatures placed at >hort inten'als on the intestinal cannl, from 
the pylorus to the rectum. The conteutji of tiie stomach and each 
portion of the intestinal canal included between the ligatures were 
thm carefully examined. Thia mode of ezamination sufficed to 
detennine the changes which occur in the food during normal diges-^ 
tion ; hut other questions as to the particular secretion or secretiona 
by which the changes observed were effected. 

The fluids poured into the alimentary canal are five in number,— 
the saliva, gastric juice, bile, pancreatic juice, ^nd finally, the tntes« 

tinal mucus. 

The influence of the saliva is easily determined, l}y chewiriE^ the 
pui ticular food subjected to ex{)crimciit, and keeping the mixture at 
abuut 98° Fahr. The combined action of the saliva and citric 
juice is seen in the contents of the stomach. To determiue the 
aclioii ut the bile» the common bile-duct was tied, aud to ascertain 
the action of the intestinal mucus, it was necessary to ligature the 
bile and pancreatic duets. If the digestion of the ■uhatanoe la not 
effected in the stomach, it is evident that it cannot be attributed to 
the saliva or gastric juice ; if the digestioii is still eflfeeted in the 
intestinal canid after ligature of the bi^-duct, it cannot be attributed 
to the action of the saliva, gastric juice or bile ; if it still go on 
after ligature of the bile and pancreatic ducts, the digestive power 
must of necessity be referred to the action of the intestinnl mucus, 
provided no change has previously taken plnce in the stomach ; but 
if the food passes unchanged after cuttinp^ olT the supply of bile and 
pancreatic juice, but proceeds after ligature of the bile-duct alone, 
the act of digestion must be referred to the prmcrcatic juice. 

The author tirat brietiv describes the structure of the starches and 
starch-containing vegetables employed in his experiments ; then the 
changes produced by codcing. and finally enters on a minute descrip* 
tion of the changes observed in the experimenta he performed on 
normal digestion^ and after cutting off the supply of bile and pan- 
creatic juice* 

The correct appreciation of the structure of the starch-granule ia 

of considerable importance in relation to these investigations, and 
the author believes thnt he has been nble to nfford a sntisftictory 
solution of this vexed question. 'I'he chan^^cs observed during the 
digestion of starch favour the orijpnal opinion of Lcuwenhoeck, tb&t 
the starch-granule consists essentially of an investing membrane or 
cell-wall, enclosing an amorphous matter, the true starch, which 
strikes an iuleu&c; blue culuui with iudmc ; and these changes also 
support the opinion of Professor Quekett. thaX the concentric drdea 
seen on the starch-granules of many planta are simple foldings of 
the investing membnine, leaving it still doubtful, however, whether 
these concentric circles are not in the starches of some planta com- 
poeed of linear series of dotted elevations or depressions of the in* 
vesting membrane. t 
By these experiments it was determined that the concentric circles 
remain after the whole of the Ftnrrh matter, colourable by iodine, 
was removed, and that even then the characteristic cross and colottra 
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were etiU leeD wlien the gnnnlei were viewed by polerised ligbtt 
eltfaongh moie MAy then before ; thb result being probably due 
to thekeieiied power of refreclaiig light, after the removal of the 
stwcb natter. 

After detcribing" tlie stnictnrc of the wheat-grain and flour, the 
changes occurring in the wheat starch during the manufacture of 
bread nre g-iven in detail ; but the most interesting of the changes 
produced by cooking are those seen in the boiled or roasted potato 
aiid iu the boiled pea. 

In each of these the act of cooking effects two purposes : — it 
cenaee great enlai||peiiieikt and physical ehange of the atareh-gnuiules» 
and dissolves- the inttnate adhesion of the 8tarch*cells, which after* 
wards appear as ovoid or globular, slightly adherent bodies distended 
by the swollen staroh-grannles, the outlines of which are indicated 
by more or less irregular is^yrate lines, produced hy the mutual 
compression of the starch-granules within an inelastic celi-mem- 
brane. 

The starch- granules of the pea possess a much thicker invesiinL^ 
membrane than thoi»e of the potato, which causes tlieir outliue;:^ to 
leoMlii mneh more dMoct after the removal of the tme starch snb* 
etanee during the process of digestion. The other structures seen 
in the pea are caraully descrilMd $ the meet curious among them 
being the cells composing the external layer of the testa, which 
bear so strong a resemblance to columnar epithelium of the intes- 
tine, that th^ might be mistaken for the latter by an inattentive 
observer. 

The substances submitted to experiment were, — 1, boiled whcat- 
Mtarch ; 2, wheaten bread ; 3, uncooked tous les mois ; 4, boiled 
tons les mois ; 5, boiled potato ; 6, uncooked peas ; 7, boiled peas ; 
8» boiled peea efter lintore of the bile*duct ; 9, boiled potatoes 
after ligature of the hue and pancreatic ducts. Several subsidiaiy 
experiments were made to determine the action of the intestinal 
MUCUS, the saliva, and the substance of the pattereas» on starch. 

The conclusions at which the author arrives from the experiments 
are,— 

1. That the starch-granule is composed of two parts, chemicallv 
and histologically distinct, — a cell-membrane and homogeneous 
contents. The markings seen on many varieties of starch are re- 
fened to folds or markings of the inveating membrane. 

2. No perceptible change occurs in the starch, whether raw or 
cooked, during its sojourn in the stomach of quadrupeds or the 
▼entrieulus succenturiatus and gizzard of birds; all die granules 
preserve their perfect reaction with iodine and their pristine ap- 
pearance. 

3. The conversion of boiled starch into dextrine and glucose i^ 
chiefly eflfected in the first lew inches of the f^miiU intestine, but it 
continues to take place in a less degree throughout the entire intes- 
tinal canal. 

4. In the digestion of boiled wheat or other starch, or of wheaten 
bread, tiie bulk ofthe maaa rapidly diminishes in its passage through 



the imtll and large intaatmes, so Uiat it ulttnuttely yields <ndy a 
fnstt quantity of fecal matter. After being dqiriveid of their con- 
tents, die membranes of tbe granules shrink and shrivel up into a 
minute granular matter, which constitutes the chief bulk of the 

fecal evar^ntionp after an exclusive dirt of <?tRrch food. 

5. I'hc difrestioti of raw starch food (peas) in the pig-eon or other 
granivorou8 birds goes on much more slowly, and progresses pretty 
equally throughout the entire intestinal canal. 'Hie starch- sp*nnules. 
whether free or included in cells, become intersected by radiating or 
hrregular lines or fissures, more or less opaque or granular; mtsf 
abo gradually lose their eharaeteristie reaetion with iodine; anct 
this important change, commencing at the surface, pr o g r sas ea 
towards the centre, nntiS the whole of the starch matter is removed* 
leaving the starch^membranes often apparently whole, retaining 
their cbnmctenetic mRrkings. The fis?rired and grnnular condition 
of the staxch-granules is not due to their trituration in the gizzard, 
but to the action of the intestinal fluids, since it was often seen in 
granules enclosed in and protected by perfect starch-cells. In the 
digestion of raw starch food, a considerable quantity alwajrs escapes 
eunge, for many atareh*eeUs and granules in the feoea pafecdy 
retain tiie charadtaristie reaction with iodine. 

6. As the starch remaina unchanged in the stomach, its conveib 
sion into glucose cannot be attributed to the saUra or gastric juice, 
unless we suppose these fluids to remnin inactive in the stomach, 
uid suddenly to regain their activity in the first part of the small 
intestine. The author found that the saliva was capable of effect iiif:^ 
the conversion of starch into glucose, but that the mixture of paliva 
and guBtric juice lu the stomach did not possess that property even 
after being rendered alkaUoe by carbonate of soda. It is piobabla 
that Ihe oonfertiug power of the saliva, as it flows from the mouth, 
depends not on the true saliva, but on the huccnl mneua ; far Ma- 
l^radie found that saliva taken from the parotid duct was whoUj 
inactive, while the mixed saliva from the mouth effected the conver> 
sion with great facility. Unless, tlien, the sublingual and submax- 
illary glands secrete a difl^erent fluid from the pnrotid?, it is evident 
that the activity of the saliva must be attributed to the buccal 
mucus. 

7. The di^erence between the digestion of boiled and raw starch 
in dogs is seen in the experiments on the digeition of boiled wheat* 
starch, boiled tons les mols, and bread. In all these, some starch- 
granules escape the action of heat and water, and remain in neari]r 
their pristine condition. These uncooked starch-grannlea undergo 
slow and imperfect changes, being Assured, broken, and more or less 
altered, but in general retaining their characteristic reaction with 
iodine. 

8. The conversion of starch into glucose is not effected by the 
bile, since after ligature of the common bile-duct, the changes occur 
to as great an extent as when the bile passes freely into the intea^ 
tbal canal. 

9* IltaaoldiidtothepMicmtic jaiee,inaimiMbittflerHgirt^ 
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of the bQe and pancrcatie dvota in the same animal, the digesdon of 
•feaicli if still effieoted. 

10. The only wmtainiiig secretioii la the inteatiiial mucus, whieh 
is especially ahondant at llie upper part of the intestinal canal; and 
a farther proof is afibided of the activity of the intestinal mucus 
taken from the tipper part of the duodenum above the entrance of 
the pancreatic duct after ligature of this duct and the common bile- 
duct, by its capability of converting a large quantity of fresh boiled 
starch into ^Iucobc out of the body. 

n. In the cooking: of j^tarch- containing vegetable?, such as pota- 
toes and peas, the adhesion of the starch-cells is dissolved or weak- 
ened, so as to render them easily separable and amenable to the 
action of the intestinal fluids. At the same time ihc btarch-granules 
imdergo a large increase in bulk, distend the cells, and by their 
Bntod oompresrion, tiicir outlines present the appearance of gyrate 
linea beneath the cell- wall. The cells seldom burst so as to emit 
tlicir contents, or present any appreciable opening dirough which 
tiie intestinal fluids can directly penetrate. The author cannot 
pOBtirely alBrm so much of the starch-membranes, because these 
are so extremely delicate that fissures might be invisible, but he 
believes that in a great number the membranes remain entire. 

19. If this be tlie ca?e, the conversion of ?tnrch matter into 
glucose must be effected by the permeation or cndosmose of the 
intestinal fluids through the invisible pores of two membranes, 
in the digestion of the pea, the potato, and other similar foods, 
and the glucose must escape through the same membranes by 
exosmose. 

IS* Before (he eoli version of starch into |^iicose« the inylaceoiui 
nutter contained in the starch is more dense than the* intestinal 
nmeds in immediate eontiet with the eeUs* and an inward current 
or endosmose b established ; but after that conTcrsion, tlie sympy 
idd is less dense than the mucus, and then an outward current or. 
exoeroose oceurs, by which the glucose escapes from the cells into 
the intestine and is absorbed. If this be the case, as the details of 
the expcrimentg tend strongly to prove, anew and important func- 
tion is assig^ned to the intestinal mucus. 

14. In normal digestion, chyme escapes very slowly from tlie 
stomach into the duodenum, in small quantities, as it is dctiiched 
from the alimentary mass by the muscular movements of the stomach, 
and this gradual propulsion often occupies several hours after a meal. 
This slow propulsion is evidently intended to expose the commi- 
Bnt«d food fully to the action of the intestinal juices, and prodoce 
■n intimate mixtnre with them. The comparatively empty condl« 
tkm of tlie npper part of the small intestine, even dnnng active 
digestion, is thus fully explained. 

15. If the food be too finely divided or incapable of a second 
solidification in the stomach, it passes too rapidly into the first part 
of the small intestine, is insufficiently mixed with the intestinal 
fluids, and a considerable part e^^capc^ digestion. On the otlier 

hand* if it enteis the small inteaUAe iu masses incapable of reduction 
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by the muscular action of the parts or colntioii in tlie fluid, it tra- 
verses the intestinal canal unchanged, except at the surfacet which 
is then alone exposed to the action of the intestinal fluids. 

16. It is not necessary for the conversion of starch into glucose 
that the fluids in the duodenum or other parts of the intestinal 
canal should be alkaline, or even neutral, for in several of the expe- 
riments the contents of every part of the alimentary canal had an 
acid reaction. 

17. The greater j)art of the intebtiual mucus ia not excremen- 
titious, for little, if any, mucus is perceptible in the faeces in normal 
^gestion, except at their surface, whereas the greater proportkm of 
the contents of the small intestine consists of mncus. A consider* 
able quantity of mucus is seen in the cscum, but it rapidly dimi- 
nishes in the colon, and is scarcely detectible in the farcest except 
that on the surface, which is probably derived from the mucous 
membrane of the rectum. The author raises the question, whether 
one of the chief functions of tlic caecum is not to effect the conver- 
sion of the intestinal mucus into some other substance capable of 
re-entering the hlood, and performing some ulterior purpose in the 

aiiiinal L'cunoiny. 

18. la nonaal digestion, the separation of the epithelium of tho 
mucous membrane of tlie intestine is the exception instead of the rule, 
as stated by some physiologists. The author questions the theory of 
the detachment of the epiSielium of the villi in each act of absorp- 
tion, on the grounds that the presence of detached epithelium was 
unfrequent in the whole course of his experiments : that epithelium 
is readily detached hy manipulation; that the continual reproduc- 
tion of such a vast amount of cell-tissue must necessarily be accom- 
panied by a vast expenditure of vital force ; and finally, that it is 
not necessary, because iiuids readily penetrate epithelial mem- 
branes. 

19. Tlie passage of a j^iven food through tlie whole length of tlie 
intestinal canal may occLi|;y a compcuaiively &hort time, esjiecially 
when tlie animal is fasting. In one experiment, where a pigeon 
refused food until the f«ces contained no visible debris of previous 
food, starch*granules were detected in the faeces withm two houn 
after a meal, and thb although the intestine of this animal is ex- 
tremely narrow and about a yard in length. 

20. A remarkable cireumstanoe in the digestion of starch or 
atareh foods is the constant presence of myriads of Vibriones in the 
lower part of the intestinal canal. They are generally first observed 
in the lower part of the small intestine, a*^ minute brilliant points, 
ju«t visible with a power of GOO diuuutrrs, in active move- 
ment. They increase in nunilici^ tt)wai(id the cacum, in which a 
large nuiiiber of fully-develuped vibriones are constantly teen. 
These minute organisms increase iu size and length in the colon 
and rectum, and their fissiparoos mode of propagation, first described 
by the author in the ' Quarterly Journal of Microscopical Sdenoe^' 
may be distinctly traced by examining the content* of these pQr» 
tions of the intestinsu 
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Febniary 15, 1855.— Thomas fieU» Esq., V.P., in the Chair. 

The following communication was read :-*— 

" An Account of some recent Reaearehea near Cairo, undertaken 
with the view of throwing light upon the Geological History of the 
Alluvial Land of Egypt/'— Fut First. By Leonard Homer, Esq., 

F.R.SS.L. & E., F.G.S. 

The author commences by observing, that although it be liifrV-v 
improbable that we can ever form an appropriate estimate in years 
of the ;m:e even of the most modcni strata, we are not cut off 
from all lio]>e of being able to assign an amount iii years to the 
duration of some of the great geological changes which, in past 
ages, the present surface of the earth has undergone, by causes 
that are atiJl in operation ; especially by a careful study of the 
formation of the deltas of great tivers, and of the action of the 
latter on the rodn and soils they traverse in their course. If in 
a country in which a certain alteration in the land has occurred, we 
hBOW that such alteration has taicen place in part within historical 
time, and if the entire change under consideration presents through- 
out a tolerable uniformity of character, we may be justified in 
holding the portion that has taken place within the historical period 
to atford a measure of the time occupied in the production of the 
antecedent part of the same change. 

Esypt supplies us with the earliest evidence of the existence of 
the human race recorded in works of art; in its monuments \vc find 
the dawn of the historical period and oi civilisation ; and that land 
skme, of all parts of the world as yet known to us, offers an instance 
of a great geological change that has heen in progress throughout 
the whole of the historical period, in its annual inundations and the 
aediment these deposit to form the alluvial land in the valley of the 
Nile ; and there is g^ood reason for believing that the change had 
been going on with the same uniformity for ages prior to that period 
when our reckoning of historical time begins. To investigate the 
formation of the alluvial land in the valley of the Nile in Upper and 
Lower Egypt is therefore an object of the highest interest to the 
geologist and the historian. 

The author being impressed with the conviction that this geolo- 
gical problem could only be solved by having shafts and borings 
made in the alluvial soil to the greatest practicable depths, dcter- 
Buned to have some auch experimenta made ; aa the resulta might 
Isad the way to other reaeaithea on a greater acale. The ground on 
which he hoped to be able to form a chronometric acale by which 
the total depth of sediment reached might be meaaured^ was the 
saaie as that on which the French engineera in 1800 had proceeded, 
viz* the accumulation of Nile 8;:diment around monuments of a 
known age. If that de])th of sediment be divided by the number of 
centuries that have elapsed since the date of the erection of the mo- 
nument, we obtain a scale of the secular increase of which the base 
<jf the monument is zero, assuming that the averasre increase from 
ceutury to century has been uniionn within aii area of some extent. 

PkL Mag. 4. Vol. 9. No. 61. June 1855, 2 H 
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Hun if the ezoavatioa ba oontmned below llw htm ttonetttid die 
•ediment passed tiiroiig^ eiliibits stmilsr cfaanieten as to eomposi- 
tioii with that above the base line of the montunent, it would be finr 
to epply the same graduation below the zero-point of the scale as 

above it, nnd, if we reached so far, we should be able to estimate the 
time that has elapsed «incc the first layer of sediment wns deposited 
on the rock forming the channel over which the water spread when 
it first flowed northward from its sources in the interior of Africa, 
subject however to correction for causes that might make a differ- 
ence in the rate of increase between the earlier and later periods. 

The author soboiitted his scheme to the Brerident and Conncfl of 
the Royal Society, who eDConraged his proceeding hy acceding to 
his request of ac;rant from the Donatioii Fond et tiiieir disposal, to« 
waida the expenses of the researches. 

The author introduces his subject by a sketch of the physical 
gfeography nnd g^eolojn'' of Ecrypt, a de^^cnption of the annual inun* 
dationa, and of the sediment deposited from the water of the Nile. 

Ec^-pt is separated from Nubia by a low hilly region, about fifty 
miles broad from north to south, chiefly composed of granitic rocks, 
but associated with two kinds of sandstone, the one belonging to 
the eretaeeons series, the other of the newer terttarv age. The 
valley of Upper Egyi)t is bounded by two ranges of nlUs mnninff 
northward, the Arabian range on the right, the Libyan on the left 
of the river, both alike composed of sandstones and limestone. The 
cretaceous sandstone extends from the granitic rocks forming the 
first cntnract !it A««oiinn for about eic^hty-five mile*, where it is 
covered by a limestone which has the chamctors of the ujiper chalk 
of Europe. This chnlk continues on both sides of the vaiiey for 
about 130 miles, when it is covered in its turn by a tertiary num* 
mulite limestone, and of which tlie further prulonguliQu northward 
of both ranges is composed ; this nummnlite fimestone oan be well 
studied in the extensive quarries of Gebel Mokattam above Cairo, 

Tlie author briefly describes the operations of the private associa* 
lion of English. French, and Austrian Bngineers in 1846-47, com* 
monly called the French Brigade, for the purpose of determining the 
disputed question of the relative level? of the Red Sen nnd Medi- 
terranean. The French engineers, at the hepinning of the present 
century, had come to the conclusion that the Kcd Sea was about 30 
feet above the Mediterranean, but the cbservatiuns of Mr. Robert 
Stephenson, the English engineer, at Suez, of M. Negietii. the 
Atistrian, at Tineh near the ancient Fdusium, and the leveUings of 
Messrs. Tdabot, BoiurdaloQe and thdr assistants, between tiie two 
seas, have proved that the low- water mark of ordinary tides at Snes 
and Tineh is very neariy on the same level, the difference beingt 
that at Suez it is rather more than one inch lower. 

At the i?1and of Philop, about five mile? above As?oiiRn, may pro- 
perly be placed the first entrance of the Nile into Eg}'pt. It is here 
about two miles broad, but is soon after divided into several branches 
by the rocks that rise up in its bed to form the rapids, commonly 
caUed the First Cataract, which have^a descent of about 65 ieet iu a 
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distance of five miles. Here the river is contracted to about a third 
of a mile. Aasouaa is about 300 feet above Cairo, and the distance 
between the two places l>eing 556 miles, the avenge lall of tlM 
river is little moie tiiia half a foot in a mile, 0*54» and Aisouaa 
bong 365 iMt above the Meditsnanean, and 696 miles distant firom 
it, the avmge frU ol the Nile from the foot of the Flist Cataract to 
lilt sea is 0*525 in a mile. Low Nile at Cairo is 43 het 6^ inehea 
(as measured fay the Fieiich Brigade in 1847) above low- water maik 
in the Mediterranean, and the distanee being 149 miles, the averagi 
fall is little more than Si inches in a mile. The author cites a re- 
port of Mr. Rennie to the British Association in 1834, showing that 
the tali of the Thames, between Chertsey and Teddiijgton Look« is 
nearly 17^ inches in a mile. 

The commencement of the aunual iauudation is about the sum- 
mer solsjtice. The rise is scarcely perceptible for six or ei^ht days, 
it then becomes niore rapid, and about the middle of August has 
wmnSfy nached eoe^half eif the greatest amonat $ it attains its mazi- 
nam towards the end of 8eptember» remains pret^ statbnaiy Ibr 
about fboftasn days, and then begins to laU, at fifit at a more 
rapid rate than that with which it rose, bat after it has ftUen one* 
half the decrease is very gradual, and it goes on sinking until iSbit 
end of May. The rise continues about 90 days, the fedling lasts 
250. In 1846, Mougel Bey, the French engineer of the Barrage 
near Cairo* found the maximum rise 7*30 metres, or 30 feet 10 
inches. 

Wlien the inundations commence, the Nile Is of a reddish colour, 
and is loaded with sand and mud. From the fall between the Se- 
cond Cataract at Wadi Haifa and the First, u distance of 214 miles, 
being not more on an average than 9 inches la a mile, very little 
coarse gravel can be transported by the river into Egypt. The 
gnater portion of the heavier detritus (alls down In tiie £gher parts 
of Upper Egypt, and from tlie very gentle dope of the Detta, only a 
saaali amount of the solid matter suspended m the water oan mdi 
the sea; stiQ, however, the sea has been observed to be turbid at a 
dbtance of forty miles from the mouths of the Nile. 

The author then proceeds to describe the recent researohes* His 
fiiBt and indispensable step was to procure the aid of a competent 
person to conduct his projected operations, and he was fortTinate in 
obtaining the active and intelligent aid of an Armenian gentleman, 
educated and long resident in Eng-land, Hekekyan Bey, a civil engi- 
neer, who had occupied so me important positions in the service of 
the Viceroy Mehemet Ali, especially as chief of the Polytechnic 
School in Cairo« But notbuag could be done without the consent 
ef the then Vieeroy Abbsa Ficha, more especially as the spot the 
snthov had selected for his first opeia^ns was in a garden of the 
Fsdm. By the active intervention of Her Majesty's Gonsnl-Gencml 
m Egypt, the Honourable Charles Augustus Murray, not only was 
the Viceroy's consent obtained, but his Highness was pleased to 
direct his ministecs to uhice at the disposal c2 HxHukjiSk fiey what- 
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mr WW neeeMirj to oondaiet the opemtioiis in tlie most compktt 
mantier; and, wtoi traly voyal munificence, ordered that the whole 
eatpenee of them should be defrayed by his Treasniy. The author' 
never contemplated having the means of making theie researchea on 

more than a very limited >:cale, but he had now the prospect, and it 
has since been realized, of their being conducted oa a very enlarged 
plan. ' 

It has been often a subject of rep;ret that experiment* of this na- 
ture, of which the French had set an example half a century ago, 
had not been followed up. On this subject the author remarks, that 
tiie inperations ate of a nature that ecarcely any individual traveller 
could undertake; for they require a large body of men, some prae« 
tiaed in the art of surveying, and as they can only be carried on con- 
tinuously after the inundation waten have subsided for some time, 
and therefore at a season of the year when the heat is excetsive* 
those only inured to the climate conUl ?tf\nd the work. 

The place selected for commencinii; the operations \va« nt the 
Obelisk of HcHopolis, about six miles bciow Cairo, the oldest known ; 
erected, according to Lcpsius. *2300 years before Christ. The au- 
thor having given Hekekyon Bey full and minute directions as to 
the manner in which the reaearehea were to be carried on, the ob* 
aervationa to be made, the plana and reports to be drawn up, and 
the apecimens of soils sunk through to be selected, the operationa 
commenced in June 1851. Sixty men were employed under the 
direction of Hekekyan Bey, assisted by an officer of Artillery, and 
some young engineers from the Polytechnic School in Cairo. 

Nine pits or excavations were sunk at different distances around 
the obelisk, each down to the level of the filtration Mater from the 
Nile at that season, and as much under the surface of that water ns 
was practicable. The most important of these was one close to the 
obelisk. The upper surface of the pedeatal on which the obelisk 
rests, was reached at the depth of 5 feet 6 inchea below the suifaoo 
of the ground, Nile mud being accumulated to that height; the 
pedestal was 6 feet 10 inches in height, and it was found resting on. 
two limestone flag?, the upper 16 inches, the lower 15 inches in 
thickness, and this foundation "Vias laid upon pure quartzose sand. 
This last was ]>enetr;ited to the depth of 3 £eet 2^^ inches below the 
lower layer of iimotone. 

The author gives a section and description of each of the nine 
excavations. But before doing so, he states that lie obtained twenty- 
eight specimens of soils sunk through in different parts of the Nile 
Valley, eleven of which were carefully analysed at the Royal College 
of Chemistry, under the superintendence of Dr. Hufmann. A col* 
lection of specimens, duplicates of which arc in the possession of 
Hekekyan Bey, serve as a standard for the description in his reporta 
of the soils pa«-^ed through, to avoid the necessity of sending speci- 
mens of identical alluvia. These samples were cai*efully compared 
with the specimen*! analysed, and were found to resemble them 
closely in external characters. 
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• The results of the analyses are given by the author, and the 

average of eight epecimena ot Isiiic mud gives the followiog com- 
position in 100 parts 

SiUca 54*585 

Sesquionde ol Iron 20*215 

Sesquioxide of alumiiia 6'418 

Alumina ,')-^']7 

Carbonate of li me 3/17 

Sulphate of lime 0*245 

Lime 1-912 

Magnesia 0*762 

Potassa , . . , 0 473 

Soda 0'Jj3 

Oi^ganic matter 5'701 



99*818 

In order to n5«ccrtam the amount of solid matter held in sn9))eDsioil 
in the water of the Nile near Cairo, the author dr^fTibed to Dr. Ab- 
bott, a resident in that < ity, the method he had toliowed in 1832 to 
determine the amount of solid matter suspended in the water of the 
iiume at Bonn, and requested him to undertake the experiment on 
thesame plan, which he did, and the result gave 110*6 grains in an 
imperial gallon. The residuum sent was analysed at the Hoyal CoU 
lege of Chemistry, and yielded very nearly the same result as to com- 
positkm as the above average analysis of the Nile sediment. 

On examining the descriptions of the soils sunk through in the 
nine excavations at Hcliopolis, it appears that they consist of two 
principal kinds, viz. earths and sands. The eartlis vary in colour, but 
are so ucirly allied, passing by such insensible shades into each 
other, and having so g^reat a resemblance to the modem Nile sedi- 
ment, that they may all be classed as Nile mud. 'i'he sands are 
almost entirely pure quartz, similar to those of the adjoining deserts. 

In the same horizontal plane, even in this limited &pace of half a 
square mile, there is a xetj considerable difference in the nature of 
the eml, and in none of tiie excavations was there an instance of 
lamination in the deposit. 

When it is conndered how small is the amount of sediment left 
annually by the inundation? in any one place, it is very difficult to 
conceive, in the author's opinion, how tiierc should hv in uny one 
spot so great a thickness as 12.^ lect of oi:e kind of stdinunt, as is 
the case in one of the excavations, without any lamination tir other 
feign of successive deposition, and still more inconceivable that lu 
pits within a very short distance of each other different kinds of soil 
should be found at the same levels. Other causes than the tran- 
quil deposit from inundation water must have been at work In the 
formation of this portbn of the alluvial land, llie layers of sand 
Were most likely blown across the valley from the desert. 

llie author deems it advisable to abstain from general remarks. 
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and from all inferences as to the secular increase of the alluvial de- 
posits, until he had hud an opportumty of laying before the Society 
ui account of the far more extensive researches made in the distxkt 
of Memphis in 1853, and dtuing the last year in a series of ^SUm 
sunk in a line acioss the vallejr of the Nile« extending from the 
lihyan to the Aiabian Chain, in the paialld oif Heliopolis. 

In the various excavations that have been made in the proseen- 
tion of this inquiry, many objects of art of historical interest have 
been discovered ; but as these do not come within the province of 
the Royal Society, the author propofcs to give an aooonnt of them 
in a memoir to be laid before another learned body. 

March I, 1655.«--Charles Wheatstone, £sq.» V.P., in the Chair. 

The following communication was read : — 
On the Structure, Fuactioiis, and Homology of the Manducatury 
Organs in the Class Rotifera." By Philip Henry Grosse, AJJS« 

In this paper the author institotes an examination of the mandn- 
eatoiy oigans in the dass Rotifeia» in order to show that the vanoQS 
forms wmch they assome can all be reduced to a coaunon ^pe. 
He farther proposes to inquire vhat are the real homologncn of 
these organs in the other classes of and what light we eaa 

gather, from their stmcture* on the qnestioa of the xoologioal mdt 
of the Rotifera. 

After an invest if:r^tion of the bibHograpliy of the chiss from Ehren* 
herg til the prui^utit time, in which the vagueness and inexactitude 
of our knowledge of thc-c orgaus is shown, the author takes up, 
one by one, the various piiases which they assume throug^hout the 
whole class ; commencing with Brachwniu, in which tliey appear in 
tho highest stiiti^ of development. Their form in this genus i« there- 
fore taken as the standard of oomparason, . 

The hemtsphericwl bolb* which is so contpienous m B* oa^iljeerst^ 
lying across iht breast, and containing organs which work vigorously 
against each othert has long been recognized as an organ of mandil* 
cation : it has been called the gisnrd ; but the author pvopoeos to 
distinguish it by the term maatax. It is a tritobate muscular sac, 
with waUg varying much in thickness, receiving at the anterior ex> 
tremity the lmcG(d/tamel, and on the doisal s^e gifing exit to the 
te$ophoqti^. 

Within this sac are placed two geniculate orgjins (the mallei), 
and a tliird on which they work (the incus). Each ynalk-us consists 
of two parts (the manubrium uud tiic uhlus), united by a hinge-joint. 
The manubrium is a piece of irregular form, consisting of carituL ui 
solid matter, enclosing three areas, wMch are filled with a more 
membranous substance. The tMcat consists of several slender 
pieces, more or less pandlel, aimnged like the teeth of a eonb, or 
like the fingers of a hand. 

The MCM consisti of two rami, which are articulated hy a oiMi- 
mon base to the extremity of a thin rod (the/litoiaR), in such nway 
that they can open and close by proper muscles. The fingers of 
ear>- rest upon the corresponding rmm^ to whioh thty. ue 
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attiched hf an daitie ligament. The mallei sro moTod to uid fro 

by distinct muscles, whioh tbt author describes in detail ; and bj 
the action of these they approach and recede alternately i the rami 

opening" and shuttinq- simii]tnneon?1y, with a movement derived 
partly from the action of the maUeu and partly from their own 

proper muscles. 

All these ori^ns ha^e great solidity and density ; and, from the 
action uf cextaiu menstrua upou tliem, appear to be of calcaieuua 
origin. 

Tht wiiter pro ewdi to dttcfibe the a e og ia oty orgni. Tbm 

ciliated diae lias aa iaftmdibnlifoim centra, wbkii eomnioaly m^rgM 
into a tube before it enters the eMi/or. The partidea of food that 
float in file water, or swimming ammalcolet, are whirled by tiie 

ciliary vortex into this tube ; and, being carried into the mastax, are 
lodged upon the rami, between the two unci. Tliese conjointly work 
upon the food, which passes on towards the tips of the rams, and 
enter the asophogus, which opens immediately beneath them. 

From this normal cuuditiou» the autiiur tiaccis tiie manducatory 
oifaaa thiougb miona modifications, in the genera Etichlmii^ 
HUmm t i M e enVe , dtmktm^ Amtma^ N. petromygon, N, Mmdatti, 
Fkrmimrk, N.g^U^ SyaoktBtm, Pdiymiira, JHglma, Bogpionu AU 
F. mariMa,A$pkmd^tMastiffocer€tifMoiiocerca, and Scartdtme. 
Some of these display pecidiaritiea and aberrations highly curious. 
Notwithstanding the anomalies and yanations which occur, however, 
the same type of structure is seen in all ; and the modifiefitions in 
general may be eonsidered as sucoeiiive degeneratioDS of the maiiei, 
and aug^mentatious of the incus. 

The form of the manducatory organs, which occurs in Triarlhra, 
Pomp&alyx, Pterodina, (Ecistes, Limnias, Melicerta, Conochilui, Me* 
yaloiroekm^ Xecaw rferi e, and TWetf/erM^ ia next examined. The 
ecgmu are ahown to be eiaentially the same aa in the fonnir type* 
bet somewhat disguiaed by the excessive dflatation of the mtM, 
and by the soldering of the eeci and the rami together, into two 
massea* each of whmb approaefaee ia flgiue to the quadrant of « 
sphere. 

Attention is then directed to what has been called (but by a rais- 
a]>prehensiun) the " stirrup-shaped" armature of the genera Rotifer, 
riulodma, Actinvrus, &lc. Here, however, the organs are proved to 
have DO essential diversity from the common type ; their analogy 
with thoae last described being abondantly manilertt though they are 
•till further dii^guised by the obadeiceneeDf the uumuMa. 

Ph&eularia and Steph&meero9, the most elegant, but the most 
abenaat forms of Rollfera, close the ttties. The mastax, in these 
genera, is wanting: and in the former genus the incus and the 
mantthrtn are reduced to extreme evanescence, thoiif!;f! the two-fin- 
gered unci show, in their structure, relative position aud action* the 
true analogy of these organs. 

Having thus shown that there is but one model of structure, how- 
ever moditied or disguised, m the manducatory orgauis of the Hoti- 
fera, the author proceeds to the question of their homology. He 
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aflg^es on several grounds that they have no true atiinity with the 
gastric teeth of tiie Crustacea, though he states his conTictioii 
that the Rotifera belong to ih» great Aithropodoot dif^icm of 
aniinals. 

Itts with the Insecta that the author eccI^s to ally theae minute 
creatures; and, by a course of argument founded on the peculiarities 
of structure already detailed, he maintains the following identifica- 
tions : — timt tho mrtfftax h a true moiUh ; that the malfei nre mnndi" 
bles \ the fnanubria possibly representing the cheeks, into ^vhich they 
are articulated ; that the rami of the incus are maxUi^ei and that the 
fulcrum represents the cardines soldered together. 

While the author maintains the connexion of Rotifera with 
Inseeta, through these organs in tfaehr highest developaieiit* he 
suggests theur affinitT Polyzpa, by the same organa at tha 
opposite extremity of the scale/ siiice the oval muscukr bulbs in 
Bcwef^tmkia, which approach and recede in their action on fbod^ 
seem to represent the qnadriglobolar masse s of Xi t s i a w and Rot^wtt 
further degenerated. 

. If this affinity be correctly indicated, the interesting fact is appa- 
rent, that the Polyzoa present the point ^vhere the two great parallel 
divisions, Mollusca and Articulata, unite m their course towards 
the true Polypi, 

March 8, 1855. — Sir Benjamin Brodie« Bart, V.P., in the Cbatr, 
The following paper was read :— - 

*' On the Perihelia and Nodes ct the Pknets." By Edward J. 

Cooper, F.R.S. 

Prefatory to my volume on Cometic Orbits, published in 1852, I 
invited the nttention of astronomers to the eererul points of resem- 
blance between the planetary orbits and tluj;^c of periodic comets. 
Among these it was shown, that of the heliocentric longitudes of 
perihelia and ui^ceading nodes of the then known planets and periodic 
comets, two-thirds were situated in the heUocentric semicircle 
between 815** and 135". The planets stood thus in qua diint^ ' 

L.P/B between 45 and 135= 9 
135 and 225 = 4 1 , 
225 and 31 )=3/ ' 
315 and 45= 7 

A between 45 end 135= 13 

13.-) and 225=41 - 

225 and 315=4/^ 

315 and 45=s 1^ 
Here the L. P.'s appeared as 16 to 7» and the ascending nodea aa 
14 to 8. Two additional asteroids were subseqiientiy diseoveied 
leaving the L. P.'s as 16 to 9, and the ascending nodes as 15 to 9. 

Again, in 1853, I sent a note upon the same snljeet to the Royal 
Astronomical Society of London. At that time a considerable addi- 
tion had been made to the asteroids, and the total number of planets 
had risen from 25 to 35. ^'oll^wing the same distribution of the 
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periliclia and aBcending nodes as in my previously published work* 
the result was^ 



24. 



21. 



L.P/S between 45 and 135 s 13 "| 
135 and 225=5 1 . , I 
225and315s=6/ f 
315 and 45= 11 J 

a between 45 and 135= 191 
135 and 225=9 1 , . i 

225 and 315=4/^'^ f 
315 and 45= 2 J 
The suspicion of some yet undiscorered law became ttrengtbened 

by this further investigation ; and it occurred to me to ascertain if 
ariv other heliocentric semicircles would mark the effect of such law 
more clearly. Let me be permitted to extract the concluding pass- 
age from the note as it is printed in the Royal Astronomical Society's 
Notices: — 

** But if, instead of the semicircles ^ to 135 and 135° to lU') ", 
we adopt those from 45° to 225° and 225° to 45°, we see that oi the 
aeeending nodes of tfairty-fonr planets, twenty-eigbt are found in the 
fint femidrcle and only six in the second* Again, the senicirdee 
that contain the greatest number of L* P/s of planets are between 0^ 
and 180°, or 10° and 190^. That which contains the greatest num- 
ber of nodes is between 35° and 215°. In the first case there are 
twenty-siz, and in the latter twenty-nine. The quadrant containing 
the largest number of L. P.'s of planets is that between 1 1° and 101°, 
of which there are sixteen. That containinir the largest of nodes 18 
from 353° to 115]^, of which there arc twenty." 

At the present moment (January 1855) we have orbits, more or 
less accurate, of forty-one planets. It cannot be altogether unin- 
tcrcstinp: to pursue once more the traces of a law still unknown, if 
it iiave existence. Our position now stands thus— 



L.P/t between 45 and 135= 16 



1 



135 and 225= 61 vqq 
225 and 315= 6/ 



315 and 45=? 13 



J 

I "I 



A between 45 and 135= 19 

135 and 225=111 ,^ I 
225 and 315= 5/ f 
315 and 45= 5 J 

fint, be it remembered, that in 1853 of the then known planets 
the irreate?t number of L. P.'s %vere found to be situated in the 
heliocentric scmicircies 0° to 180*^ or 10"^ to 190°. At present we 
shall find the perihelia of thirty out of the forty-one planets in either 
of these semicircles. The greateht number of nodes were tlien (1553) 
between 35^ and 315°=29 ; and 45^ and 225°=28. At present, of 
forty ]>lancto thei e are thirty nodes in either of these helioccntrio 
semicircles. These facts are at least very singular. I may tabolate 
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Of fort7«oiie planets, L. P**8 between d and 1 80 = 30 

10 and 190 = 30 

Of forty pkaetft ft between 35 and 215=30 

45 and 225 = 30 
and between 354' to 355® and 174 to 175 = 31 
We here perceire that there are thirty L. P.*s situated in the helio- 
centric scmicircie between O'' to 10° and 180° to 190°. It is also 
the fillet, that there are thirty ascending nodes between 357° to 7* 
ind 177^ to 187*'« which may be called the same semicircle ma tiist 
in which the thirty L. P.'s are fonnd. 

The quadrant containing the greatest nnmber of L. P.'s of tiic 
Ibrty-one planets, is tliat between 10^ and 100^=20. 
nose containing the greatest nnmber of ascending nodes, an 

between 36 to 43 and 126 to 133 = 20 
and between 62 to 66 and 152 to 156=20. 
Surely there must be an undiscovered cause determining the 
orbits in this way. Having laid these facts before my first assistant 
Mr. Graham, he computed the degree of probability of such a Uw, 
arguing thus Were the nodes and perihelia inditferent to all 
heltooentric longitudes, it would of courfle be an e<jual chance in 
the ease of % pliSiet whose orbit had not been determmed. In which 
semtcirele either would be fbond ; and the il prwri probability that, 
of the forty-one known L. P/s, thirty would be in one semioude, is 
about '9^; and that of the forty ascending nodes, thirty>onc wonhl 
be in one semicircle, is about ttjVt* I^us the probability that there 
is some influence causing a tendency to one semicircle, ascertained 
from the facts before u?, very strong: for, for the L. P.'s, the odds 
fire fibotit 660 to 1, and for the a'rendinir nodes abmit 44.'^0 to 1 in 
favour of such a supposition." But after all it may be an acci(iental 
coincidence; n?, consistently with the laws of planetary motion, 
such a congregation of perihelia or nodes may occur at periods 
exceedingly remote. The further consideration of this subject must 
be left to analysts, of Idsure and ineHnation to pnnme it. 

LXVII. Intelligence and Misceiianeous AriicleSn 

BX8BABCHX8 UPON TBB MAGNETIC POWIE Of OXfOXN. 

BY M. E. BECQUBREL. 

IN a memoir read on the 21st of May, 1849, at the Academy of 
Srienrc?, relntinEz; to the action of macrnnts upon all bodies, I 
annou!u?cd tiuit oxygen is a magnetic body capable of beinsr attracted 
by magnets, and that atmosj^heric air also ])0?f«e*se8 this property in 
consequence of the amount ot oxygen contained in it. 

The process employed to nieasure the actioa exerted by a magnet 
upon gases, as compared with that produced upon a body which is 
taken lor unity, oonsistid in placing little stidca of wax, sulphur, 
g|iss» chareoalf he* ta umo, and in difeent gases, so as to asoar* 
tain the magnetic power of theaa jpoes from the «tifferenoa in llie 
offsets obsemd under these two cironmstances ; it is susceplihla af 
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great precisioa. Amongst other results obtaiiied. I may refer to the 
fact that the reliition of the attraction exerted by a magnet upon 
oxygen, to the repulsion whicli takes place with the same volume of 
water, is in proportion to the density of the gas, and that it may be 
nqmented by O* 18 at a temperature of 53*^*6 F. 

Sinee the puUicatkm of these reeeuchei» Euaday * haa gsvan for 
the oompaiatiye action exerted upon okygen and water, ascertained 
by another method, a number similar tomioo. M. Matteucoif haa 
also indicated a method by which he has succeeded in arriving at a 
number which differs but little : hut M. Pliirkerl has arrived at dif- 
ferent results, by means of a balloon successively filled with oxygen 
and empty, in contact with the armatures uf an electro- magnet, 
determining the weights ucceiisary for the interruption of this con- 
tact. If we reflect that the earth is surrounded by a mas» of air 
eqaifalent in weight to a atrntom of meroiiry of 7B oantiiMtrea in 
thickneae, it ii eaay to nndeiataad that auch a maia, anbjeot to in* 
cessant vaiiaHone of temperatora and pressure, must inflnence some 
of the phenomena dependent npon terrestrial magnatiam* Thus, If 
we calculate the magnetic power of thU ^meous mass, we shall find 
thnt it is equivalent to an immense iron plate of a little more than 
one- tenth of a miilim. in thickness, which would cover the whole 
surface of the globe. 1 have thought, therefore, that it would not 
be uninteresting to examine afresh the action exerted upon oxygen, 
mr, and gases at different temperatures and at different pressures, so 
«a to datannina their apeeifie magnetiam for difiwent magnetio in* 
tenntiea. 

As in my firet reaaarchea I have referred all tha datarmioationa 
to diatilled water, and haye determined by meana of my deh'cata 
baknees the attractions and repulsions effected by a powerful electro- 

mag-net. of rather power than that formerly employed ; I decided 
upon this method, because M. PI lickcr, having adopted an analogous 
procc5;s. arrived at numbers differing from those i!:iven by me ; but I 
avoided all contact between the bodies submitu d to the action of the 
magnets and the aimatures, aud I have reduced ail the deteimiua* 
tiooB to the lame temperature and pressure. 

tn my previona experiment»» I luppoaed in each caae that the In- 
tanaity of the action exerted npon the anbttances examined wied 
aa the square of the intensity of the electrical current circulating 
ronnd the electro-magnet ; but in these new reaearohaa, the action 
exerted upon the bodies submitted to experiment being complicated 
by that exercised upon the envelope, its adjuncts, he, I preferred 
the direct detcni ination by experiment of the action exerted upon 
each body at dilFerent magnetic intensities, varyinp^ the number of 
couples employed from ten to sixty, aud dctermiuiug the intensity 
of the current in each case by means of a tangent galvanometer ; it 
waa then poadbla by a Tery simple interpolation fonnnia to iind the 
magnetic action exerted upon each anbatancOt and at difoent deter- 
adn«te and conatant intenaitiefl. 

• BibUothigue Unhernlle dt Oenhe, 1853, p. 113. 

t CompU$ Renduif ^^L sxxvi. p. 317. 

^ iinaajii dii Phifti^uf el 4t CMMe^ ifoI* xxnv* p« 34H» 
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The results obtained lead to coneequences of which the foUowiiig 
are the principal : — 

1. With un electro-magnet, of which the iron was 7 centimt-trts 
in difimeter (instead of 11 centimetres, as in the previous es]>eii- 
ments), the repulsive action exerted upon bismuth, water, &c. does 
not vary in proportion to the square of the intensity of the current 
wbieh circulates round the electro*magnet, except just at the hiten- 
Bity correBponding with 15 to 20 BuxMn't couples ; with a laiger 
number of couples rising to 60« the relatton between the actioo mea- 
sured by the balance and the square of the intensity diminishes in 
proportion as this intensity becomes greater. The actions exerted 
upon different substances at different magnetic intensities lead, with 
some, to a specific magnetism, which varies with the magnetic in* 
tensity. 

5, Rctwecii the- limit? of intensity of currents of from 10 to 60 
elements, tlio specific maijnetism of oxygen eompared with that of 
water does not vary sensibly ^th of its value. It is in the direct 
ratio of the density- of the gas. 

3. At 32 F., and a pressure of 0"^ 76, the specific magnetism of 
oxygen, compared with that of water, is on the average -f- 0*1 823. 

4. The action exercised by atmospheric air is measured by ^f^^diOiM 
of the action of oxygen under the same circumstances of temperature 
and pressure. 

• 5. The following numbers have been obtained to represent the 
specific magnetism by volume of some solid and gaseous substances 
at 32^ F. and a pressure of 0"^- 7(j. the intensity of the current being 
comprised between 30 and 60 Bunsen's couples. 



Snbrtmeai. 


Specific 
magnet- 
unit. 




m,, , , 

magnet- 




-1 

+01823 
+0*0498 
+0-0383 
-0004C 
-0 0020 
-0HH)e6 




-1 

-1-41 

Jim 




Copper (galvanic deposit)... 


Amnioniacal ^as Vto aqueous 
Sulphurous acid J solutions. 


Nativegold(iosmicigUng \ 



6. 'i his method of experiment, which has enabled me to check 
that which I employed in my first investigations, but which never- 
theless is less delicate than the latter, did not allow me to determine 
the diminution of the magnetic attraction whicii o\\ a:cn seems to 
undergo uhcn its temperntiire is rai»ed (the density remaining 
equal)*. — Comptes Hendus, April 16, 1854, p. 910. 

* From the abstract of M. £. Beci|uereri resesrches here presented to 

us, the reader would be led to infer t^vo things : — first, that the differen- 
tial method of expcrinu'nt is M. E, liecquercr.s method ; and secondly, that 
the discovery of the luagnetie jiruperties of oxygen is M. K. Becqucrers 
discovery. Both of these inferences would be contraiy to fact. IScarly 
/rar years before M. B. Becquerel made uie of the diffsmitial method, it 
was appUed with suffcCM by Mr. Fsfsday (see Experimental Resestchei^ 
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ON THI ALTUIATION OW TBI YOUSUM OP tOMS SVBWANCBt BT 
HBATOIO AND FUSION. BT HBEMANN KOPP* 

nwrious inmtigfttioiii hftve unmMtakeablj shown that there 
ia a certain connexion between the specific gravity and the che- 
mical constitution of bodies* This applies particularly to flnid 
bodies, as with these the influence of temperature upon the volume 
of the substance could be easily ascertained. Certain rules also exist 
with respect to solid bodies, when their sprcifir volumes are compared. 

The author now publishes a series < t experiments, the object of 
which wn-:; to ascertain the volume ut cine substance in a solid and 
£uid state ; they also include the determination of the change of 
Tolnme undeigone by some substances when heated or fused. He 
gives these results as facts which may serve hereafter for the expla* 
nation of the question, when similar observations have been made 
upon a great number of bodies. 

The author describes his method of investigation as follows For 
the determination of the expansion of solid bodies which are to be 
^u«ed in th.Q course of the experiment, a fluid is required the expan- 
sioa nf which is kno^\'n. The methods of employinc^ such a fluid 
are two, — namely, 1, thermometric, in wliich the operation is ])er- 
formed in a thermometer-like apparatus, enclosing a solid body 
together with a fluid of known expansion, in which case the expan- 
sion of the solid body is fonnd by deducting that of the fluid 
from the whole ; and 2, grmnmeirie, in which the specific gravity of 
the body is compared in the fluid and solid states. The author 
prefers the former method, 'ilie fluids employed were water for 
phosphorus, wax, stearine and stearic acid ; sulphuric acid for sul* 
phur; olive oil for chloride of calcium, phosphate of sodn, liyposul- 
phite of so<ia. and the readily fusible metallic alloys; and oil of tur- 
pentine tor ice. 

The results of the author's experiments are as follows: — It is 
rarely the ca^ that a solid body exhibits the same coefficient of ex« 
pansion when approaching its melting-poiat that it does when at 
some distance from it; the coefficient of expansion usually increases 
rapidly towards the melting-point. Amongst the substances here 
investigated, it is only with phosphorus, and according to other 
ebaervers, ice, that the degree of expansion does not increase di- 
stinctly towards the melting-point. 

The increase of vohime exhibited by a melted body v, lien com- 
pared with the same body at a lower temperature, arises mostly 
from the large expansion which the substance undergoes ou ap- 
proacbing the melting-point whilst still in the solid state, and from 
Its sadden expansion at the moment of fusion. In some bodies only 
one of these expansuins is of particular importance : thus, for in- 

vol. iii. p. 69, &c.) ; and nearly /too years before the ^per referred to by 
H. Beequod was communicated to the Academy of Sciences, Mr. Fanday 
di s covered the magnetic properties of oxygen. (See a letter addresse<l ou 

^1 and kindred subjcctsto Mr. Richard Tnylor, Ph'l ^^1L^^ <»1 xxxi.ji. 101.) 
In a note brJtring date the 28th of November, 1850, Mr. Faraday states 
hts own ciauns with reference to this subject. (See Exp .Res. vol. iii. 
p. 219.)— Ed. Phil* Mao. 
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•tance, with pbotphomt the vofaiiiieoiiljr incmtn at tte m oM M it of 
fttaioa, whtkt with wax the tnmtae at tiiia moamt ia bat amall* 
but tfaefe is great ezpannon at the temperatom wy-chiaalj ap- 
proaching the mettiDg-poiiit. 

Phoaphonia ezpanda anifonnly up to its melting-point (1 1 1^ F»)» 
when tta Toluoie compared with that at 32° F. sl*017 ; it then, at 
the moment of fusion, exhibits a sudden augmentation of Tolume 
amounting to 3*4 percent., so that nt 1 11° F. its volnme is = 1*052. 

Rhombic sulphur expands unequally, increasing rapiUly in the 
vicinity of its meiting-pouit (239'^ F.) ; if it» volume be taken 
equal 1 at 32"^ F., it is =1010 at 122^ F.. at 212"* F. =1-037. and 
at 239° F. = 1 096; at the moment of fusion it increases 5 per 
cent., and then ainQUuts to i'loO. 

White wax increases in its expansion very rapidly as it approaches 
the melting.point (1^1° R). httt very little (about 0*4 per oont.) at 
veiy mmtat of foalon } its volume compered with that at 38^ F. 
Is 1-068 at 192'' P., 1*128 at 140^ F.» 1161 at 147'' P., and beeomaa 
1*166 when fused. 

Pure stearic add expands less than wax before melting, but its 
volume increases about 11*0 per cent, at the moment of fusion ; its 
volume at 32** F. being regarded as unity, it is 1*038 at 122° F., 
1-054 at 140^ F., 1-079 nt 158® F., and bccomps hy fusion at the 
latter j)olnt 1*198. Impure stearic acid, mLlti!)<^ ut I3tjl'' F., cxjiands 
rather more strongly on approaching its melting-point than pure 
acids at the same temperature. 

Stearine, emjiluvLd iii the first modification, exhibits: an increiuiRg 
expaobiou up to the temperature at which it passes to the second 
modification ; at this temperature it shows a oonstderabie change of 
volume (amounting to 2^ per cent.), but above tfab the vdlnme 
incieaaes rapidly in the vicinity of tibe melting-poinl. and at the 
moment of fonon there ia an expansion of about 5 '0 per cent. 8Cea« 
rine, with a melting-point of 140° F., shown a voluine of 1*081 at 
122° F., whilst still in the first modification; on passing to the 
second it becomes 1*008, and the volume then incrsasss to the 
meltingf- point, when it is 1*076, becominc: I'l 29 when fused. 

Water at the rnouniit of freezing expands nearly 10 per cent, in 
volume. 1"1 volume of ice gave 1 volume of water at 32° F., uhich 
contracted when heated up to 39** F., at which temperature it occu- 
pied 0 9y088 ; when heated further, it expands so that its volume 
at 212° F. amouuti, to i 043. 

Hydrated salts, on the contrary, expand at the moment of fusion. 
Chloride of calcium, Caa+6H0» which expends from 82^ F« Is 
es** P. in the proportion of 1 to 1*007, reaches 1*020 at 84^ P*; 
at this temperatuie it melts, and its volume increases 9*6 per eeitt 
80 that in the fluid state it is 1 * 1 1 8. Phosphate of soda, 2NaO, HO, 
PO' + 24HO, expands from 32"^ to 68"" F. in the propoction 1 Is 
1*001 ; at 95° F. it reaches 1 005 ; at the moment effusion at this 
temperature its volume increase? 51 i>cr cent., «o that in the flnid 
state it is 1*056. Hvpo^ulphite of soda, NaO, U- + 5H0, expands 
from 32** to F. from 1 vol. to 1 002 ; at 104^ F. its volume ii 

i 005 i and at 113*' F., ite melting-point, 1*007 } at the moment ol 
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TTieltin^ it increases 5*1 per ce&W <o that iti volume at 113^ in 

the fluid state is 1*058. 

Hose's fugibie alloy (composed of 2 parts of bismuth, 1 of lead, 
and 1 of tin) expands between and 138° F. in the proportion 1 
to i 0()27 ; when further heated, it contracts, so that its volume at 
179° G i\ IS again equal to ite volume at 32° F.. and at 203^ F, 
mmounts only to 0*9947 ; it then expands again on fiiaion between 
209^ and 208^ F. by 1*55 per oent, its vdinme at the latter tempe- 
nlnrt being 1*0101 .^ilMdim ier Ckemk, vol. zciii. p. 129. 



RECENT APPOINTMENTS. 

Prof. Graham's elevation to the post of Master of the Mint lefk 
▼acant the office of Assayer to that establishment; we under- 
stand that the btaE has been completed by the nomination of Dr« 
Hofiaaann, Chemist to the Mateum of Plraotieid Geology, to the vaeant 
•ffiee. We have sot heard whether Dr. Hut mann proposea to coop 
tinae his dntics in Jennyn Street. White there are ao very few atatie 
occopationi for men of aeienoe, it is scarcely desirable that the best 
ti these should be gathered into single hands.— sillAMMii, May 26* 



mnnOBOIiOQIOAL OBSBBYAnONS rOB APBIL 1865* 

Chuteick—X^ni 1. Clear and frosty: ovcresst, 2. Frosty and foggy: te« 

3. Cloudy: rain. 4. Cloudy aod cold : clear and fro«ty. 5. Slight haze: very 
fins. 6, FiiM. 7. Overcast : very fine. 8. Clondy aad cold : slight rain. 9. 
Cloudy. 10. BoistcfOQS. 11. Cloudy and boisterous : rain at ni|^t. 12. deart 
very fine. M. Overcast: slight rain: cloudy : fine. 14. Foggy: fine. 15. Over* 
Ct5t. IG. Foggy: cloadless and exceedingly fine. 17. Fine: clear, 18. Fine. 
19. Slight haze : fine. 20, 21. Very fine : nights frosty. 22. Cold dry easterly 
wiad. 2S. Fine : sharp frost at night. 24. Clear and dry : overcast. 25. Densely 
OfiTfait cloudy aad cold. 96. Ofsrcast and cold: fine: overcast. 27. Dry 
bsze: fine. 28 TTa^y : finet Ofcrcist. 29. Clondy and cold. 30. Unifenaly 



Of voast : eloudy at night. 

Mean temperature of the month 46*^*08 

Mean tempsfalure of April 1864 ....«••. 47 *5S 

Mean temperature of April for the last tinnityoabia ysiis ••• 47 '17 
Average amount of rain in April r^9 inch. 



fot/on.— April 1. Fine. 2. Cloudy. 3. CkMidy i rain p.m. 4. Cloody. 
flue. 8. Cloudy : rain a.m. and p.k. 9. Rain : rain ajc.: stormy. 10. Tinet 
stormy. 11. Cloudy : rain p.m. 12. Fine. 13. Cloudy. 14. Fine. 16«CIo«4F< 
20. Fine. 21, 22. Cloudy. 23. 24. Fine. 25--30. Cloudy. 
Sa mdmie k Mante, Orkney. — April 1. Clear a.m. and p.m. 2. Bright a.m. : 
haiy PJi. 3. r> right a.m. : clear p.if. 4. Claar a.m. : doady wjkl S. Bi^jht am* • 

drops P.M. G. iiain a.m. : clear, aurnra r.M. 7. Showers A.M. ! slset-Shovcrs p.m. 
8. Saow-showers a.m. and p.m. 9. Kaiu a.m. : showers p.m. 10. Sbowers a.m. : 
rain, dear tm, 11. Cloudy a.m. and p.m. 12. Rain a.m. : clear, aurora p.m. 
1 .i. Bright, aoltf hale,A.M. t nia, aurora, p.m. 14, IS. Bright a.ii. : rain p.m. 16. 
Slcet-showers a.m. : showers i'.m. 17. Cloudy a.m. : clonTv, aurora p.m. 18. Rain 
A.M. : eloudy p.m. 19. Rain, bright a.m. : showcrii f.m. 20. iiail-showers a.m. : 
doady pjc 21. Bright a.m.: dear, fine p.m. 22. Clear a.m. : dear, fine p.m. 
S3. Bri^A.M. : cloudy p.Mw S4. Haiy A.m. : cloudy p.ii» 26. DttBpAJi*t 
doxidy P.M. 26. Cloudy a.m.: clear p.m. 27. Cloudy a.m. : clear, fine p.m. 
28. Bright a.m. : dear, fiiie, aurora p.m. 29. Clear A.M. : dear, fine p.k. 60, 
Clear a.m. : damp p.m. 

Maaa taaiparalare of Apta lor t»«Btj-ai|^t pttfisw yem . 43^-48 

Mean trinpeTaturc nf this month •m*«*. .«••••••..■.•• 43 '20 

Mean temperature of April 1854 ,,. \ i -68 

Average quantity al raia ia April for foiuteea previous years 1'63 iodit 
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LXVIII. On the Optical PropertieB developed in Tran^pami 
Bodies hjf the action of Magnetiem* By M. Yxrdet. 

[VVjtii a Plate.] 

Part I.* 

IPROPOSS ID this first invcstigAtioii to meunue snew the 
lotations of the plane of polarintion which are observed 
when the diieetion of the Inminotts ray is paiailel to that the 
magnetic forces^ and to examine the laws according to which 
these rotations dq>end on the distance and on the force of the 
magnetic centres which act on tiie transparent bodies, 

Yarioas difficalties present tibemselves on eommenchig this 
iofestigation. First, in the nsoal conditions of the experiments^ 
e, ff, when the transparent body to be examined is placed between 
the branches of the electro-magnet of M. Ruhmkorff^theTarioaa 
points of the body cannot be regarded as subject to equal mag^ 
netie influences. Consequently the optical properties develop^ 
by magnetism ought to vary mm one point to another, and ob« 
serration can only exhibit the result of a number of unequal 
actions. A body of finite dimensions cannot be compared to a 
body of infinitely small dimensions^ which is the reverse of what 
takes place in ordinary optical researches ; hence the elementary 
Uiw of the phfBttomena, tnat is to say, the only law which it is 
of consequence to determine, cannot be immediately deduced 
from these obserfstions. 

Secondly, the optical properties developed in an dementaiy 
slice of the transparent substance depend themselves on a very 
complex combination of circumstances. The electro-magnet is, 
in fact, a system of magnetic centres whose distribution is not 
exactly known ; the properties acquired by an elementary plate 
of the substance depend evidently on the distance of these centres, 

* Abridged from the Annales de Chimie et de Pkifsique, 3rd aeries, voLxU* 

I'kiL Mag. S.4. No. 62. Sup^. Vol 9. 21 
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and on the quantities of free magnetism which are there accu- 
molated ; and the law to be determined is that which would be 
observed if the magnetic action emanated from a single centre 
wboae distance and foree conld be made to vary* Aa^ m order 
to ^ibit t)ie pbienoniena on a ical^ suffldeiidy bu^ge for (^baer- 
vatLon^ we are forced to place the transparent substance very 
near the electro*niagnet^ we cannot assnme that tbe action ia 
analogous to thtt of que or of two poleiii aAOW'^log it> electro* 
magnet has one or two brancbea'. 

We are ignorant also, in consequence of the complicated form 
of the apparatus^ of the position of the poles in the electro-magnet. 
To remove the diffienltiea whioh arise from the inequality of the 
optical action of different plates of the same transparent body, I 
tnought it would be sufficient to use an artifice employed by 
several authors, especially Mr. Ftoiday and M. Pliieker, in the 
atudv of diamagnetic attractions and repulsions. 

If we adapt to the two extremities of an electro-magnet two 
large annatures of soft iron, vdiich present, opposite each other, 
' two wide vertical feces, the space comprised between these ver- 
tiaal ftees becomes, in Farada/a words, a magnetic field of eqml 
imt&mty ; t. a molecule of magnetic iiuid* placed anywhere 
in this spaee, ei0q>ting in tho viinmty of ita extremities, is sub- 
mitted to a system of aotions whose resultant varies very little in 
magnitude and direotlon* In fact, the two terminal surfaces of 
.the armatures are charged with the greatest part of the free 
magnetic fluids (as experiment shows), ^and these Huida aise 
distributed almost uniformly, although wiUi a tendency to accu- 
mulate towards the edges. 

If we now conpeive a magnetic moleoule placed in the centre 
of this spaee, it would be submitted to a system of forces whose 
resultant ^vould have a certain magnitude, and whoso direction 
would he, on account of the symmetry, the riLcht hue whieh 
unites the centres of tlic two terminal surfaces, i. <?. the right line 
. generally called the line of the poles. If we conceive the mag- 
netic moleeuh^to deviate from this position by recedincr fniui niic 
of the ai'uiatures, it would approach the other; hy n]i|)iiia( hmg 
the edire of one armature it would recede from the opposite c tiirc. 
Consequentlv, according as certain net Inns hecame more uitense 
or more iucliiud towards the liiu ui tiie ])oles, others would 
become less intcui-e or less inchnecL We can conceive, tbcu, 
,that in a certain region there couM he c&taijlished a compensa- 
tion almost complete, in such a unumer that, as before men- 

* ItU spsreely necciiii^ to si^, that when I cmpkw ^e ex]n«suoas 
'magnetic ilutd and other lunilfir ones, it is only for tiie sake of representing 
the phTrnoHM nn inon- f onvcnu nt^y, U|d without ^ouiniittiiig myselC to sny 
ptrtmikr theory of laagtietifm. 
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tioned, the resultant would remaiii almost constant in magnitude 
and direction* It ia for experiment to show what case aatiaftea 
this condition. 

The accuracy of these ob^crvfitions ia evidently in no respect 
subordinate to the partu ular law of magnetic action^ which is 
the Uw of the square of the distance. Uonsequentlyi without 
knowing the law according to which the optical properties of 
tfanapaient substances develope themselves under the influence 
of magnetism, since we know that this law involves a variation 
with the distance^ we may presume that, in placinjg-a transparent 
substance between two armatures similar to those already inrn- 
tioned, compensations of the same kind will be established for 
the different points of the substance, and the several infinitely 
small platea of which we can conceive it formed, will all acquire 
optical properties sensibly identical. £xperiment completely 
confirms this sumMMition. 

I have succeeded, in fact, without difficulty in fulfilling the 
eimdittons in question by ftumishing one of Ruhmkofff's electro* 
magnets with suitable armatures. This electro-magnet waa 
formed of two (flinders of soft iron, AB, A'B^, 0»'20 long 
and 0^*075 in diameter, with a narrow canal bored in the 
dimtiott of their axis to allow passage to the light ; each ^linder 
was surrounded with about 250 metres of copper wire of 2*5 
vnOims. diameter, and joined by the pieees of iron P and V 
(Plate v. fig. these pieces are made to slide at pleasure 
along the piece of iron BS, and can be fixed in any position by 
meana of the aciews V, On the two extremibes B and A' 
of the horizontal branches I screwed two cylinders of iron, 
F, 7, 0**05 in height, and 0"**14 in diameter, bored slong 
tkeb axes by a narrow canal; and I fimnd that wlien tiie 
distanoe between the terminal faces of these armatures was 
neither too great nor too small, when it amounted, for instance, 
to 60 or 90 miUims., a transparent substance placed in the in- 
termediate spaee acquired the same optical properties, whatever 
was ita situation, provided it was not extremely near one or the 
other of the armatures. In fact, allowing a pencil of solar light 
to pass through the apparatus, I placed across the course of the 
pencil a pandlelopipcd of heavy glass, and having cxeiM^ the 
Biagneliam of the eleetio-ma^et, turned tlie biremicting prism 
wbieh served as analyser until I pereeived the violet thit known 
to physicists under the name of the ioMk Hnt or Hni of passage ; 
I then displaced the paraUelopiped of heavy glass parallel to itsd^ 

* Fig. 1 being an Ovation of the apparata^ the two Cjrhnders of soil 

iron are of course concealefl by the copper wire which rovers them ; the 
intemul canal is uk rely indicated tbe lin^ sad the 9JLi» o( (lie caoal by 
an intcnrupttid dotted line MN. 

212 
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in order that the light might always pass through the same 
thickness; as long as I did not bring it in contact with one or 
the other armature^ the tint of passage did not suifer any modi- 
fication. The experiment succeeded as well with the other sab* 
ftanoes which I have used in my researches. 

Tbm, in my apparatusy the sjpaoe compiiaed between the two 
tenaoinal anaatnrea was ao conatituted^ that a pieoe of transparent 
substance placed in any point of this space^ excepting in the 
▼idmty of the edges, was ev^where afimed in the same manner. 
Hence the optical properties of the fragment were the same in 
all pohits ol its mass, and consequently they were the same 
(excepting the magnitude of the rotation) as those of an infinitely 



a method Mich will be indicated further on, I found that the 
resultant of the action which the electro-magnet would exert on 
a molecule of magnetic fiuid situated in any point of this space, 
was sensibly constant in magnitude and direction ; as long aa the 
molecule waa not very near the limits^ e, in a aeries of expe- 
riments where the distances of the terminal Aices of the arma- 
tuxes were successively 50^ 60| and 90 millims., I measured the 
resultant before defined at the centre C of the intermediate space, 
fig. 1, and found the numbers 134*12, 116-33, and 8617. I 
measured it at the point D situated on the axis, and 15 millims. 
distant from one of the arinatureS| and found the numbers 
183*87, 116-75, and 86 00 : 1 measured it at a point £ 25 mil- 
lims. from the axis and in the plane, and found the numbm 
133-5, 116 00, and 85-5. 

The differences of the values emesponding to the same position 
of the aimatures are sufficiently small to allow the conclusion, 
that, in the interior of a region wbo^c dimensions do not exceed 
those of the transparent bodies submitted to experiment, the 
resultant of the actions which would be exercised on a mole- 
cule of free magnetic fluid does not vary one-hundredth part of 
its value, which fraction about represents the degree of accuracy 
attainable in these experiments. 

For the salve of brevity, the resultant before defined will be 
hereafter cal ltd Ihc magnclic action in a yivcn point. 

This fjiTniiltancous constancy of the mai^nctir action and of the 
optical properties would naturally lead to a sim})le {onif'rtnrc, 
which experiment hns t ntirely eonlirmcd, and wliose conlii niaiiou 
removes the see ond dilhculty which I before noticed. Wc might, 
in fact, ask it the mn-j-nitude of the rotatory power dev eloped in 
a transparent substance did not depend solely upon the magni- 
tude of the magnetic action considered in the space occupied by 
the substance. In factj these two quantiti^ arc simidtaneoualy 
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constant and vanable ; besides, all the external actions of a mag- 
nt^t, it^i inagtietizmg action, its inductive action, its action on 
the t-lement of a current, depend solely upon the action which it 
would exercise upon a molecule of magnetic fluid. It is then 
probable, that the action, in virtue of which it devcloprs the rota^ 
tory power in transparent substances, depends solely upon the 
same quantity. If it be so, we need no longer trouble onrselvcs 
about the distribution of the froo ningnetism of the clcctro- 
macrnet ; no longer inqun*e separately nito the influence tif the 
variations of the intensity of iiiaLnn ti/ation, and thf iniluencc of 
the variations of dista?iee. Wr ^}lall measure, on the one hand, 
the optical action of tlie transj)arent substance, and ontheothei-, 
a ma*rnitttdc which at the same time rcj)resents in every point 
the effect of the variations of distance and the effi-ct of the varia- 
tions of intensity ; we shall then have taken account at once 
of the induence of the two causes, and we can determine 
the elementary law of the phaMiomeiia without any of those 
arbitrary and inexact hypotheses to which we should have been 
necessarily conducted, if, for instance, we had wished to deduce 
the law relative to the influence of the distance in experiments 
where it would have been necessary to vary the distance of the 
transparent body from the extremity of one of the branches of 
the electro-magnet. 

Experiment has, as we shall see, confirmed this supposition; 
and to obtain the elemental^ law which was sought^ it has been 
sufficient to measure simnltaneoualy the optical phsenomena and 
the magnetic action. 

The measurement of the optical phenomena has only been an 
application of methods known to all physicists, employed in the 
form which appeared to me most convenient for the peculiar 
conditions of my experiments. 

A pencil of solar light, reflected by a heliostat into the dark 
chamber where I expeiimented, was polarized by passing through 
a NichoFs prism fixed at the entrance of the canal which passed 
through the clectro-magnct in the direction of its axis. At the 
other extremity of the same canal the pencil of light encountered 
a very narrow diaphragm, and the portion which emerged fell 
upon the analysing apparatus placed at some distance. Thia 
apparatus^ constructed by M. Branner, was composed of a small 
tekaoope having an analysmg prism placed before the object* 
glass, and capable of turning about its axis. The rotation of the 
telescope and of the analyser could be measured almost to a 
minute by the aid of a system of two concentric circles, of which 
the first, fixed to the support of the apparatus, was divided into 
degrees and thirds of a degree; and the other, moveable with 
the teleacopei earned two opposed verniers giving Uie minate; 
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a screw allowed the tdeacopa to be tarnod veiy alowly» TIm 
preciston which it has been pottible to give to ttio ezpenmenta 
has shown that ncme of those precsutions were n&perfltioiWi 
The telescope was also capable of two rotatory moveiuentsi a 
yertical and a horizontal one, so that it was always possible to 
bnng the axis into the directi n of the pencil of light. The 
analyser was sometimes a birefiraeting prism of Iceland spar 
aduomatized for the ordinary ra^, sometimes ODe of Rochou'a 
prisms. The telescope being adjusted so as to peroeiTe elearljr 
the image on the dianhregmi two images coold be seen through 
the spar prism^ and four through the Rochon prisiUi that is ta 
toy, two prmcipal images, and two secondary images due to tho 
imperfection of the construction. Having conveniently chosen 
the distance- of the telescope and the diameter of the diaphragm^ 
it could be so arranged that only the image whose variationa 
were to be eiuimined i*emained in the field of vision, an indispen- 
sable condition for the exactitude of the experiment. I took a 
diaphragm % millims. in diametejTj and placed tho lunette at a 
distance of U»^'80. 

I used, bcskirs, two methods which have given me results 
perfectly accordant; sometimes I eni]ilnyed hoiiinprfmcous lights 
and dttrriained the position of the \)\-a\\v of poiarizutiun by ob* 
serving the extinction of the cxtraoi dmury niiage; sometimes I 
have employed white light, and have had recourse to the obser- 
vation of the tint of passatrc. 

In experimenting on homogeneous light, I neither made use 
of red glass, which would have given me too small deviations*, 
nor of tlie monochromatic lamp, which would have furik!>lu d too 
feeble a light. I employed a solution of sulphate of t:oj)pcr iu 
carbonate of amiuoma, which, when its thicknes.fi amuuuls to 
some centimetres, only allows passage to the violet rays near to 
the ray G. If it be requisite that the light employed should 
have a sufficient intensity, the usi^ of solar light is indispensable. 
Rotations of the plniie oi j)olari/,aUuu almost twice as great as 
when operating with the tint of passage, arc , obtained by this 
mode of })roceeding ; but the estimation of the extiucUuii is wui 
h\\\ ays made with iimcli exactitude, and depends in a singular 
manner upon the sensitiveness of the eye. 1 determined the 
two positions of the analyser which caused the image of the dia- 
phragm to disappear by two movements in opposite directions j 
but as between the two disappearances it was necessary to illu- 
minate the graduation in oraer to read off the position of the 

* Wc know, in fact, that the rotation of the plane of polarization due to 

the mnf^nHio nrfinn varies ^s \\h the length of an umlulntion, ahnost it» the 
SHine inamu r as the rotation proiUieeil hy quartz aad by or]g;aiUC h(^U)da, 
It i» hcuct; ihsi smaUoiit |MM«ibl« for red riiyik 
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■nalyiar^ and unce thtt^ciriniiiitttnoe might modify the leiittbi* 
lity of the eye, I did niit take themeiii thetetwoobaemlioiui 
ii oorraponding to the position of the phme of jpolaiuaitioa. I 
made at least met obsemtioiiai dfteaer six or eight ; these ob« 
mrvatione diffsred usually by ten minutesi but often the differ^ 
enoea wane as tnush as thirty mmutes. 

Ibe ofaaervation of the tint of jMssage has given me generally 
i|Kiro aeenracy than the observation of the extinction of homo* 
geneous lights and I haye employed it more frequently. In foct,' 
although the tint of passage results from the extinction of the 
most intense rays of the spectruni; f . e, of the mean yellow rays 
whose plane of polarisation is much less dcHected than the plane 
of polarisation of the indigo raysj yet this smallness of deflection 
is more than compensated by the exactness with which the eye 
appreciates the variations of colour in tho neighbourhood of the 
tint of passage. 

Ap^ain, I liad to employ solar li^ht in this case, in consequence 
of the conditions peculiai' tu the phnenonKTui which I studied. 
The rotation of the planes of polanzutiuii ul the diil'ci cut colours 
beinsT always very siiiall, thi ir dispersion was very small also, 
and consequently when the analyser liad a j)oaition convenieiil 
for completely c vtm ^aiishing the mean yellow rays, it extinguished 
also ill a great measure tlic other rays of the sjiectrum, so that 
the tint of passage was only produced by a very small part of 
the incident hulit. If, then, this light had not been extremely 
intense, it wonld have been impossible to perceive the tint of 
passHtrc, and the eye would have only perceived so feeble a mini- 
mum i i hL;ht that all coloration wouUl have escaped detection. 
It is sujjtriluous to add, that it would have been necessary to 
operate quite otherwise in order to measure large rotations, such 
as those produced by great thiclviiesscs of quartz or organic 
liquids. In this case the use of solar light wouhi have only 
dassled the eye and rendered all observation of the tint of pass- 
age quite inexact. I always determined the aeimuth of the tint 
of passage four times; twice setting out from the red, and twice 
from the violet, * There was generally never more than five 
minutes' difference between these four observations. The mean 
could therefore be regarded as correct to two or three tninutes. 

As to the estimation of the magnetic action, it was only after 
numerous unfruitful atteni])ts that 1 found a saLisiactory process. 
The first idea vvas to cause a steel needle, strongly tempered, 
and niai;netizcd to saturation, to oscillate in the intermediate 
space between the two armatures. The 8qu:ire of the number 
of oscillations in a given time would have served as a measure 
of the maccnetic action. 

This proci;»8 would have been suffieiently exact if the aotioos 
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to be nieattured had been feeble and incapable of altering the 
magnetic state of the needle; but the ])owcrful electro-magnets 
neccssai-y in my experiments would liavc considerably affected 
the ningnrtism of the needle, and the observations wonkl not 
have ]jceii in any way comparable With one another. Neither 
ihr tcmpcrini^ of the needle, nor the magnetization to saturation, 
would have been a builieient rrnarantcc, siuce the magnetic state 
of any ]ieedlc whatever nnde redoes, as is well known^ a temporary 
change when it is brought near a strong magnet. 

I tried, without much success, to use the action exerted by 
the electro-magnet on an unmagnetized body, magnetic or non- 
magnetic. Under the influence of an elccti-o-magnet, a bar of 
a magnetic buh^tance acquires a tempoi-ary magnetization; and 
if the body has no coercive force, it is admitted that this mag- 
netization is proportional to the magnetic action. It foHowa 
hence, that the action exerted by the electro-magnet on the bar 
is j)i ()})urtional to the square of the magnetic action, and it only 
remains to measure it by known methods, t. e. by torsion or by 
oscillation. If the body under treatment be diamagnetic, although 
wc do not know exactly in what manner the phsenomena occur, 
it apjieaid beyond doubt tliat a sort of polarity or tcm])orary 
magnetization is developed, and consequently we admit lliat the 
action exerted by the electro-magnet is again proportional to the 
square of the magnetic action. Unfurlunately in both cases the 
law in question is only an approximative one, sufficiently exact 
when it is required, fpr instance, to correct the efifeet due to the 
imall variations on the power of an electro-magnet, bat which 
cannot be the basis of a satisfactory process^ des&nedto meanmi 
magnetic actions whidi vary between nther extended limits. In 
magnetic substances there ensts always a sensible eoefciTe foioe 
incompatible with so simple a law; in diamagnetie bodies no 
indications of the existence of a coercive force have yet been 
observed ; but the only experiments we possess^ in partienlar 
thoie of M. Edmond JSecqnerel^ merelv give an approximative 
law. I could therefore do nothing witn this processi although 
I must admit that it might be usml in many cases: it m^^t, 
for instance^ be employed in confirming the oonstuiejr of the 
magnetic action in a given space^ for this research is mdepen* 
dent of the exact form of the law which represents the action of 
an electro-magnet on a magnetic or diamagnetic bar. In my 
experiments, on the contrary^ the knowledge of this law would 
have been indispensable. 

I thougiu of measuring the action of an electro-magnet on a 
small solenoid suspended between its branches. By using the 
bifiiar mode of suspenaion employed by M. Wilhelm Weber in 
his electro-dynamic leseaiche^ this method would have ofoed 
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BO gieal difficaltiea. The amn^ement of my appamtus^ how* 
vwtj did not allow me to apply it ; beaidei that^ it vould have 
been kta aimple and convenient than the foUowiDg, which I 
nltimatdy employed* 

This method is fomided on a remarkable conseqaenoe that can 
be deduced from the kws of induction eatabliahed by MM* Neu- 
mann and W. Weber. In his first memoir on the mathematical 
theory of induced currents^, M. Neumann has given a formula 
which represents the electromotive power developed by a mag* 
netie pole in a closed conductor when displaced m any manner 
whatever. If the magnetic pole be regarded as the summit of a 
oonc having for its base tbe closed conductor, the electromotive 
force developed by an infinitely small displacement of the cur- 
rent is proportional to the infinitely small variation in the angular 
opening of the cone, and consequently the sum of the electro- 
motive forces developed by a finite displacement is proportional 
to the difference between the initial and final values of this an- 
gular openingt* I shall call this sum the toUU eleeiramotive 
force. From this theorem the following conclusion may be 
deduced : —"Jfin a 9pm where ike magnetic a^km is constant in 
magnitude and direction, a circuktr conductor is placed so that its 
pkme be parallel with the direction of the magnetic action, and if 
it be made to turn 90 degrees round an axis perpendicular to this 
direction, the total electromotive force developed is exactly propor^ 
tional to the viagnitude of the magnetic action.'^ 

This conclusion would be evident if tbcMiiagnntic net ion were 
simply (I'lP to one or two vt'ry distant poles, in oicK r to de- 
mo? ist rate it ou the general case, let us consider a ])laiie con- 
ductor fig. 2, and a magnetic pole M, and let ns suppose that 
the conductor suffers any displacement whatever which causes it 
to pass from the position C to the position C^ Let us call fi 
the quantity of maguetisin accumulatrd nt the point d^aa the 
area of an infinitely sinullciemcnt o of the plane space surrounded 
by the conductor, r and r' the two successive distances oM, 
and o'M from this clement to the point M, <^ and the angles 
made by the right lines oM and o'M with the normal tothecon* 
ductor j the total electromotive force w ill be expressed by 

♦ Memoirs of the Acailumy of Berlin for the year 1845, 
t M. Ncuinauu lim not directly demoastruted by exiierimcnt the prin- 
apkt of bis theoiy; be bss deduced them fiom the law of Lens. But we 

may regard the experiraciits of M. Wcbcr,of M. Kirchhoff, and of M. Hie- 

canlo Fclici, as having t'stablii«hctl llic cxartitiuh: of the foniui1;r n lativc 
Ui the case of closed couductorsy tUc only ca^c wiUi which wc imvu hoe to 
occupy ouHK^l^^'i* 
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If the closed eonductor be Bubmitted to the aetion of eny num- 
ber of magnctie polesi the electromotive forces respectively de- 
veloped by these different poles will be united^ and their sam 
rcprcsetited by 

F=2:/A^^^ COB ^-y^'^cos ^' j. 

This equation can evidently be put in this form, 




Or if we call B and the resultants of the actions which the 
magnetio poles would exercise on the unit of magnetic fluid 
placed in o and in </, x and a} the angles utade by these resultants 
with the normals to thetenduotor^ we shall have 

If, a» is suppoiicd, ihv magnetic action is tlic same at all 
])oints of the conductor juid of the space wliich it 1 nuoriies when 
displaced, the two rrsultant.s R and R' would be constant through- 
out the extent of the conductor, and equal to one another. Calling 
a» the total area of the eouUucior^ we should have 

I F« a>E(oos a— COS o'). 

" If ottO, tfss9(f, we have 

F = a)K; 

t. e» if the plane of the closed conductor is at lirst perpendicuhir 
and then ])arallel to the magnetic action, iIk total electromotive 
force is propoi-tionai to the area of the conductor and this mag« 
uetic action itself. 

Dining the displacement of the conductor, the induced cnr- 
rent ih at each instant pro])ortif)nal to the electromotive po*\iT 
developed in the conductor, and ron^cqtieiitly a quantity of cke- 
tricity pro|)oi'tional to tins lorce passes through any section 
whatever of the wire. Hence it follows, that the total quantity 
of electricity \\ lucli jiasses thronsrh any section of the wire during 
the wliole duraliou of the movement is piuporLioiial to the total 
electromotor force. It 16 then pro])ortional to the maguetic 
action in the case just considcrrn. TSow this total quantity of 
electricity is jnecisely tlie uuly thiup: rehitive to the induced 
current which we can measure by the aid of the galvanometer : 
it is often described, but lalsely, under the name of intensity of 
the induced current j wc shall designate it simply by the expres- 
sion induced current; thus the proposition demonstrated above 
could be thus enunciated, under the conditions already defined, 
the induced current is proportional to the magnetic action. 
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Con^eqiiciitly, if wc conceive n syatcm oi ( ii cuhii- rondiictors 
constituting a helix whose dimensions do not exceed those of tlie 
space where the magnetic action is constant, a rotation of 90 
degrees round an axis perpendicular to the direction of the mag- 
netic action will develope an induced current proportional to the 
magnetic action. If the movement is made very ra})idly, the 
induced current can be measured without difficulty by the gal- 
teiometer^ and the magnetic action will thus be determined'^. 

I constmctedi theroforep a small bobbio capable of tarning 
about one of its diameters ; and in order to give to the phaeno- 
mena all possible intensity^ the dimensions of wire around the 
bobbin were such that its resistance was almost equal to that of 
the wire of the galvanometer, of which we shall afterwards 
a|»eakt« To this end, 23 metres of copper wire covered with 
sdk, 0*5 millim. in diameter^ were rolled so as to form a bobbin 
28 millims. in eiLternal dinmcter, 12 milUms. in internal diameter^ 
and 15 millims. high. This bobbin was mounted upon a copper 
support, repn sentrd in iig. 3, which was fixed Upon the eleetro* 
magnet in the middle between its two branches. By means of 
the button B, the bobbin C could be turned 90 degrees round 
the dotted line ; and in consequence of the arrangement of 
the apparatus^ the axis of rotation was perpendicular to the line 
of the polesi u e. to the direction of the magnetic action. The 
traoBpeteat bodies submitted to experiment were placed on the 
piece of copper Lj fixed on the support above the Dobbin« The 
stem A could be raised or lowered by means of a rackworkregu- 
kted by the screw D, the transparent body or the bobbin could 
be brought at pleasure to the same point. The stem A could 
btf retained in a fixed position bv the screw H. 

If the dimensions of the bobbin are given^ by varying the 
diameter of the wire, we vary in inverse ratio the number of 
layers which can be arranged m the height and length of wire 
of which each hyer is formed* Calling then d the duuneteri we 
should have 

k 

^ If. Weber has founded ttpon the asme principles a very remarkable 
method for eora|miiiiji; the two component!} ot terrestii il uki mk tic nctionf 

in (<r(!<T to (V'trnniiu' tho. value of the incliii^.tion. Mr. Fnnuliiy mnde use 
ot una i< I MIS i>n)ecsaes in studying the distribution of tho magnetic forcei 
rouud a uaguet. 

t This condition it cmW deduosd finim the kw of Ohm. In fiiet, letL 

be the resistance of tho eafvan0meter> X that of a layer of bobbin wires 
contained in the same jHane, n the number of these layers, of the electro- 
aiotor force, developed m one layer ; the induced current woohl be expmned 
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and since the resistance of a layer of wires i& proportional to the 
lengtli; and in the inverse ratio of the si^uare of the diameicTj 
we should have 

On the other hand^ unce the sun of the electromotor foroet 
developed in a layer is proportional to the length of the wire, we 

may 8et/= ^ By substituting these values^ the preceding cx- 

preaaion hecomea 

and ita maximum ia given by the relation 

Aa^ however^ ^ expreaaea the feaiatance of the bobbin, we aee 

that this resistance onght to be equal to that of the galvanometer. 

The extremities of the wire of the helix were coTinectcd with 
those of a galvanometer constructed aecurdim^ to the system of 
M, Wilhelm Weber. It is known that the object of the arrange- 
ments adopted by this physicist, is to allow the deviations of the 
needle to be reduced to a very Biuall amplitude, the sniallnes!* of 
these deviations being c()ni])i nsated by cxartitude of asnre- 
mcnt. To tins end, the needle of the galvanometer is sn^j^t iided 
by means of a fnime of copjur to a vertical mirror placed above 
the frame of the galvanometer, and itself Rus])cn(lc{l at the lower 
extremity of a silk thread without torsion, winch suj^jiorts the 
whole aiiparatnsj. At ^omc^distanee from the mirror, and almost 
in the same honznntal plane, is placed a scale divided into milli- 
metres, above which is n pmall teleseope ; bv mrnuH of tlie tele- 
scope the iiiKiL^e of the seale r( llected m the mirror is read off, and 
by eonveniently remo\ !iic!; tlie Bcale and the telesrojjej it mav he 
arranged that tlic imai^'e of the divisnm on the scale immediately 
under the axis ol the lunel te, coincides with the vertieal ernss-wirc 
when the magnetized needle is in the position of equilihiinra. 
The axis of the telcseojie is thus normal to the inn iur ; as it is 
also perpendicular to the divided rule, it is easy to see, that if the 
needle and the mirror, which arc invariably connected, arc de- 
flected througli any angle, the imacre of the scale seen in the 
telescope will sufter a displacement equal to the tangent of double 
the angle through which the mirror is to be turned, this tan- 
gent being drawn to a circle whose radius is equal to tlie distance 
from the mirror to the scale. Hence it is the same if the axis 
of the teleaoope be not peifectly normal to the minror^ provided 
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the angle through wliich the whole system is tamed be inffi- 
ciently small. By incrcasiog the distance from the scale to tlic 
mirror, the precision of measurement is in some de^n cc iiidcti- 
nitely increased, provided the telescopic have li uiai^mfying power 
sufficient to show the divisions clearly. In niy experiments the 
most convenient distance appeared to me to be that of ; 
an angular displacement of 80 seconds corresponded to each 
division of the graduated scale ; and since a quarter of a divi- 
ttOQ could be easily estimated, the accuracy of the measurement 
reached twenty seconds. 

In my instnnneiity the magnetised needle was a large bar of 
aled» 0n*8 long by 0"^'015 in diameter ; the wire of the galviiio* 
meter was 100 metres long and 1 millim, in diameter, and was 
rolled on an oval frame of yellow copper, 0^*15 in loigth and 
O^^'IO in width. The metallic mirror was a Bqnaie of 0^04 each 
nde, and the eoeoon thread without torsion was 0^*86 long. In 
the interior of the frame of brass was another frame of red copper^ 
of the same form but 1 centimetre thicks intended to damn the 
osdlktions of the needle by the counter-action of the inanced 
currents which the movement of the needle developes in its mass* - 
In the eonstructiim of this apparatus I employed M*Buhmkor£^ 
who acquitted himself with his usual ability. 

If along the wire of such a galvanometer a current of very 
short duration ia passed, this curroit communicates to the needle 
an impulse proportional to the integral of the actions which it 
oeidses during the successive instants of its duration, and con- 
sequentiy proportional to the total quantity of electricity which 
it causes to pass through any. section whatever of the wire ; this 
quantity is, as was seen above, the measure of the nmgnetic action 
exerted at the point where the hflix of induction is situated. 
If no resistsnce was offered to the movement of the needlej it 
would perform oscillations entirely comparable to those of a pen- 
dulum in vacuo, and the sine of the semi-deviation would exactly 
measure the initial impulse. In reality the needle suffers varioua 
resistances^ among which the most important is that which pro- 
oeeda from the reaction of the induced currents developed in the 
copper frame and in the galvanometric wire itself ; and the am* 
plitude of its oscillations decreases so rapidly^ that the previous 
relation does not take place. But if the decrease in the oscilla- 
tions occurs in geometrical progression^ and if the initial devia- 
tion do not exceed a certain limit, it may be demonstrated, ac- 
cording^ to M. A\'eber, that the initial displacement of the image 
of the scale is proportional to the initial impulse. 

I assured myself by repeated trials that these conditions were 
satisfied m my galvanometer. I took, in consequence, as a mea- 
sure of the induced current and of the magnetic action^ the dis- 
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placement of the image of tlie scale observed in the small tele- 
scope. By suppressing the elliptic iVame of red copper, we Bhuuld 
increase without doubt the amplitude of the elongations, but we 
should fall into the inconvenience which makes tlie use of gal- 
vanometers with a single needle, such as the sine and tangent 
bouMoles, 80 restrieted. The needle deviated by the impulse 
of a cumiit^ only rests again at the expiration of some minutes ; 
the least aocidental eanse wonld eommunieate to it a motion 
whioh wonld be equally long in disappearing, so tint tlie sue- 
cessive observations would necessarily be separated by a eoB- 
aiderable interval. On the eontrary, in H. WeW^s appaittusj 
^e influenoe of the induced enrrents in the eoppcr ftiune w^eiM 
the oscillations of the needle^ and fixes it in its position of equi- 
librium with a promptitude suiprising to those who observe it 
lor the first time. The effect of small acoidental oseillations ia 
destroyed almost immediately, and nothing hinders the observa- 
tioni from succeeding each other at very dose intervals*!'. 

It is now easy to perceive how each experiment was made* I 
eommeneed always by making two or three observations on the 

s 

' * This advanti^ is feadered mwh mote sensible by meant of aa iiige<- 
nioiis modification siiggestodby If. Rahmkcorff. This conaitts m cutting bol- 
Idw the magaetispd bar so ns to diminish oonaiderably its moiueut of Inertia 
without sousibly altciiug its magnetic moment. It follows evidently, that 
tbe diimping of the oscillations ou^bt to be iimeh niorcrupid ; the i'uniiuifL* 
developed in tbe preceding note give the mathematica] ex|ra8ion of thb 
difference, and experiment shows vttrf evidently that it is correct. M. 
RuhmkorfF li?if! joined two different mairTifri/cfl liars to the galvanometer 
which he haii eonstiucted for my experimeiitsi ; the one wa** solid, and tbe 
other hollow ; both were luaguctized to iMiturntitiUj and hud the hiime ex- 
ternal dimenitons. With tbe solid bar, tbe amplitudes of tbe osciUationa 
decreased according to a geomelrie progreasiOB wboee ratio was equal to 
0'(>46 ; with the hollow bar the pcomctrir progression had for ratio 0-477. 
The following arc the tv\ o series of observations relative to the two biuns : 
u is the uuuiber of the onlcr of each elongation observed, first on one and 
then on the other aide of tbe nosition of ecpiibbrium; a tbe ampUtude of 
the elongation ; r the latio of one elongation to the preceding. 



Solid Bar. 

a. . a, r. 

1 + 1790 

2 - 116 0 O f) 18 

3 + 750 0-646 

4 - 48-5 0-646 
6 + 3176 0-654 
6 - 20*25 0*638 



HoUow Bar. 

fi. a. r, 

1 + 180*0 

2 - a3-5 n i7r) 

3 -h 11-25 0 1S2 

4 - iy'5 U 47.i 

Maan . . 0*477 



Mean , . 0-646 
Thus tbe movement of the hollow bar is damped in tlu-ee oMulUtious as 
much as tbe movement of the solid bar in five oicillations. As, beaidea, 
tbe oscillations of the hollow bar are more rapid than those (tf the solid bar^ 
the advantage of the hoUow bar it nuide again mtieh mote teiuible* 
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iruluccd current by the rotation of the small bobbin ; tlicn laisin^r, 
by means of a movement of the rack A, tig. 3, the transparent 
body into the place previously occupied by the bobbin, I turned 
the analyser so as to determine tlieaksimuth of the tint of* passage 
if I worked with white iigiit, or the azimuth of extinction if I 
worked with huujogeneous lii;ht, reversing the direction of the 
current, but taking eare not to break tlie circuit*. I deter- 
mined anew the !«ame azimuth. The difference of the two obser- 
vation!* evidently gave the double nf the rotation of the plane of 
polarii^atioTi, if the magnetic action had not perceptibly varied 
during the experiment. In order to assure myself, I measured 
the magnetic action inniu tliatcK* after the determination of* the 
second azimuth, and only regarded those experiments as good 
where tlie two nu asuremeuts of magnetic action did not differ in 
their mean value by more than a hundredth of that value. It is 
thia nu ;iu value which I have set in the tables to be driven further 
on, 1 perceived, like observers who have c( (l( il me, that the 
magnetism of thi electro-magnet takes a eerl am tmie to devclope 
itself and attain its maximum. It is not then uer( ssnrvto com- 
mence the experiments uiiuicahatelv after closing the voltaic 
pile ; it is only after snriK liuK' that tiic mniinietism has taken u 
value which does not vary perceptibly dunug a complete expe- 
riment. 

The galvanometer o\iglit to be placed at a great distance from 
the eleetro-magnct, in order that it may not be affected by it ; I 
waa obliged to have an assistant to move the little bobbin whde 
J observed the motions of the magnetized bar. i have not had 
recourse to any particular mechanical arrangement, experience 
having shown nic, that, notwithstanding the little irregularities 
which movements effected by means of the hand always involve, 
the results of many consecutive observations agreed perfectly, 
provided the movement was sufficiently rapid. If by chance the 
momnent was too alow, or if it was ])erformed at different times, 
I pflroeived it by the movement of the needle, and I recommenced 
the experiment. 

I have experimented solely on three substances, — the heavy 
glass of Faraday, common flint, and bisulphide of carbon ; but 
these three substances differ so much from one anothert that a 
law which suits them equally may he regarded as general. I 
had at my disposal two specimens of heavy glaaa; the first, which 
M. De la Rive was good enonxh to lend me, was aparallelopiped 
with square base, 40 millims,Tong by 18 millims. on the side; 
pohshed on its two bases and on two of the lateral faces ; the 
second, which belonged to the collection of the i$cole Normale 

. ^ This iMWissmioa is vssfol, so as no* to cams vaiistioBt of intsasHy k 
tiie euvtsiit* 
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8U[p€rieure^ was a ledangular parallelopiped poHshed on Ha sue 
hcea, whose edges were respeetively eqnal to 87*2 mfllims^ 36*0 
millims., and 12'6 nullims. I describe the two samples as No. 1 
and No. 2. The sDecimoii of ffint was a parallelopiDedof square 
base 48*3 milUnis. long by 14*5 miUims. on the sid^ two of its 
basesi and a eonple of its lateral iaoeSi being polished. These 
three pieces were not entirely free firom defect ; but by elevating 
or lowering the support on which th^ were placed, and by 
making them slide on this support, the ray of light coold always 
be made to traverse a space where the defect hA no peroeptime 
influence, so that by a convenient position of the analyser the 
inddent light could be completd^ extinguished when the electro* 
magnet was not magndued. The bisulphide of carbon was con* 
tained in small glass cylinders, closed by plates of ordinary glass ; 
one of these cylinders was 44 millims., and another 81 miUims. 
long. I satisticd mysdf beforehand that the rotation due to the 
terminal plates of glass was entirely imperceptible. 

The whole of the experiments establish a very simple law, — 
" The rotation of the plane of poiarizatum is proportional to the 
magn^ic action" The following Tables^ whieh only contain a 
part of my experiments, give the proof of this law. In these 
tables F is the magnetic action measured by the deviation directly 
observed in the galvanometer, R the double of the rotation, and 

Q the value of the quotient when we suppose R expressed lu 

minutes. In each tabic the words white light or homogeneous 
Ught indicate the manner in which the optical obseiTation is 
made ; the thickness of the substance traversed by the luminous 
lays is also indicated. 

Experiments on heavy Glass, No. 1. 



I.* 

White light. Thickness^ 
40 miliima. 

F. R. Q. 

i m? 9 13 45 3 8G 

115-00 7 28 30 3-90 

112-37 7 17 45 3-89 

87-75 5 46 45 3 95 

63-62 3 55 45 3-71 



lit 

Homogeneous indigo light. 
Thickness^ 40 millinis. 

F. R. Q. 

157-5 IG 36 6-32 

1190 13 13 6-66 

109-62 11 44 6'4g 

Mean . . 6*46 



Mean . . 386 

* The hundredths of division aud the seconds that we sliall see in these 
tables result from the edfiiktbn of the mfean. 

t In theae two experiments, the distance from the divided rule to the 
mirror was not the same, so that the ma^ictic iictioilt given in tiieTsbles !• 
and U, are not mesnired with tho same unity. 
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m. 

Wiuie iight. ThickofiM, 87-2 
miHimi, 

F« B. a 

j Od 15 

5 28 

5 9 30 
4 2G 
4 20 
4 4 20 
2 57 15 

Mem 



IV. 



4Mr 



148-25 
116-87 
107 00 
92-87 
89-37 
83-50 
59-37 



2-80 
2-82 
2-89 

2-84 
2-91 
2-93 
2-98 



Wlute iigku Tliick 
BiiUims. 

F. B. 

143-81 4 31 * 
109-62 3 30 45 

85 37 2 48 

Metn • 



h26 

a 

1-88 
1-92 
V97 

1-dS 



WMtelighU 
F. 



R. 

1^-00 j 46 4^ 
128-81 4 2 30 
92-76 2 57 15 

Mean • • 

Eiqurimenis with 
VI. 



2-88 

with fommm Flint. 

V. 

Thickness, 43*8 millima. 





nuUims. 






F. 


R. 




F. 


150-87 


G 16 15 


2-50 


149-62 


112-87 


4 37 30 


2-46 


113-5 


9419 


3 55 


2-49 


93-5 


6900 


2 54 


2-52 






Mem 


¥5 





1-90 
1-96 

1-91 

• 1-92 

of Carbon, 

VII. 

liffht. Thicks 
millims, 

R. 

4 19 80 

3 23 
2 34 45 

Mem • 



1-78 
1-78 
1-65 

172 



VIII. 

Homogeneoim indigo light* Thickness^ 44 miUimi. 
F. R. Q. 

148-5 id 4f ' 4-87 

124-5 9 29 80 4-57 

94-4 7 7 30 4-53 

Mean .... 4r40 
m U^. S.4. No. 62. Ayyi. VoL9, 2 & 



Digrtized by Google 



4M M. Vaitot oh ike Opiieal Pr^miief ievApei m 

We see from these tables that the magnetic action and the 
rotation may vary iu the iTlatiou of 1 to 3, and still remain pro- 
portional. It is further to be remarked, tluit m each scries of 
experiments the magnetic action is made to vary in two ways; 
by vaiying sometimes the intensity of the current, sonietinies 
the distance of the branches of the electro-magnet. From 4 to 
20 Bunsen's elements were employed, and the distance between 
the armatm*es was varied from 50 to 90 millims.^ so that the 
distance from each of the armatures to the middle of the 
transparent substance might vary in the relation of 1 to 2. 
In order to show that in both cases the law was the same, and 
also to give an idea of the agreement in the individual obaerva- 
tions, of which the preceding tables only contain the mean, 1* 
ahaU fpfe here the e]q»eriinent8 !• and VX. in detail. 

Experiment No. 1. 

Heavy glass, No. 1 ; thickness, 40 raiilims. White light was 
employed. Distance between the annatureai 60 mill i"**- 20 
Bunsen's eiementa* 

The magnetie action was meaauzed; the mean 
of two oonaecutiTe obaervatioiis waa • . 14A*%& 

Anmath of the tint of passage 182028' 46^ 

Azimuth of tiic tint of passage after reversing 

the current 191° 42' 30" 

Second determination of the magnetic action 143*5 
Double rotation, 9"" 18' 45"; magnetic action, 143 87 ; ratio, 3*86. 

Experiment No. II. 

Distance between the armatm es, 80 milUms. 20 Bunsen's 

elements. 

Magnetic action 115 

Asimuth of the tint of passage 183^ 21 

Anmuth afiter inverting the current . . • 190^ 49^ SXf 

Magnetic action 115 

Doublerotation,7°28'30"; mean magneticaction, 115; ratio,3*90. 

Experiment No. III. 

Distance between the armatures, GO miiiims. 10 Bunsen's 

elements. 

Magnetic action 1 12*75 

Azimutli of the tmt of passage IBS'" 24' 45'* 

Asinmth after inverting the current . . . 19O''42'30^ 

Magnetic action 112 

Double rotatiun, 7^ 17' 45"; mean magnetic action, 112-37; 

ratio, 3*89. 



Digitized by Google 



ThmtpmwHi B$dm <y ike 0eium 0/ MtgmUmiu 4M 

EsepmmaU No. IV. 
IKitanee between the armatures^ 80 minims. 10 Bonsm's 



elements. 

Masrnetic action •• • • 875 

Azimuth of the tint of passage 190 

Azimuth after inverting the eonent • • . 184^ \21 15" 

Magnetic action • . 88*0 



Double rotation, 5° 45^' ; mean magnetic action, 87*75 ; 

ratio, 3'95. 

. BxperimmU No. V. 
Distance between the armatures, 90 millims. 10 Bonsen's 



elements* 

Magnetic action . . .* • . 64 0 

Asinmth of the tint (tf passage 180° 0^ 

Azimuth after inverting the current . • • 185^ 4f 16^ 

Magnetic acUuu G3*25 



Double rotation, 8° 65^ 45'' ; mean magnetic action, 63*62 ; 

ratio, 3*71. 

ExperimetU No. VI. 

Biwlphide of carbon; thickness, 44 millims. White light was 
used. Distance between the aimatmes, 62 millims. 20 Ban- 



sen's elemeats. 

Magnetic action 151*0 

Azimuth of the tint of })as8agc 183^ 03' 45 

Azimuth after invertmg the current • . . 190^ lO' 

Magnetic action 149*75 



Doable rotation, 6° 10 16^; mean magnetic action, 150*87; 

ratio, 2*50. 

EMperimmt No. VII. 

Distance between the armatures, 90 millims. 20 Bunsen'^i 



elcmcuts. 

Magnetic action 113 

Acimoth of the tint <tf passage 184^ 39" 15" 

Asimuth after inverting the current . . . 180^16^45'' 

Magnetic aeticm 112*76 



Doable rotation, 4^ 37' SO'' ; mean magnetic action, 112*87 ; 

ratio, 2-46. 

2K2 
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elements. 

l^igne^ac^ 9412 

Azimuth of the tint of pass^age . * • * • 185® (y 45" 
Azimuth after infertuig tlie onirttii •••188'^ 55' 45' 
Migneftift actkm • • . . M*jl6 



Double rotation^ 3P 55' ; mean magnetic actiou^ 9419 ; 

ratio^ 2*49. 

MMptnmMi N<K IX.. 
Dittinee between tbe armature f^, 90 miiliina* 6 Boiuea'i 



elemeata. 

Magnetic action 68'6 

Azimuth of the tint of passage 185° 2& Z(f 

Aaimuth afUr inverting tba aonent » . . 188^33^80^ 

Magnetie action 69*6 



Double rotatio% 2^ 54' i mean magniBtic action^ (i9'0 ; ration 2'52. 

Sach of these ohaervations ought to be exact, aa I havebefoie 
said, to two or three minutesy and consequently the meaame of 
the rotations does not sllow a greater error than five or ox 
Biintttaa; the prohable error of tiie measuenant of magnrtiB 
aetion ia half a dhrisioii of a seale. Although theaa enofS are 
80 small, we may rest satisfied that they are sutteiant to aaoount 
for the diAfences whieh exist between the several valnea of the 
ratio of tha rotation to the magnetie action datannined in the 
same series of observations. 

It is important to notiee, that the proporliiinality of Ae fota- 
tion and of the magnetic action is confirmed with the same ex- 
actitude whether the distance from the magnetio centres to the 
transparent substance is changedj or whether the quantity of 
free magnetism accumulated in these various centres suffers a 
variation. This law of proportionality is demonstrated by our 
experiments for transparent bodies of finite dimensions, ail of 
whose parts arc equally affected by the electro-magnet; it is 
consequently true for all the laliiiitcly small plates of which we 
can conceive the transparent body to be Composed. It follows, 
henc^, that the formula can be stated in the following manner: 
— TAe rolaiory power developed the action of a magnetic centre 
in an infinitely thin plate of a vunwrefr acting substance varies 
proportionally to the magnetic action^ i. e. directly as the quantity 
of magnetism accumulated in this centre, and inversely Us the square 
of the distance. 
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M. UTiodmiuum hai denumttnted tliat the rotatory power 
developed by the direct action of eleetric currents is proportionai 
to the intensity of these currents. He has made no experiments 
on the influence exercised by the relative situation of the electric 
eurrents and of the transparent bodies; but if my results arc 
compared with those of M. Wiedemann, if further, the general 
identity of the properties of magnets and of systems of closed 
currents be taken into account, it will appear evident tliat tho 
rotatory power developed by a system of closed currents in an 
infinitely thin plate of a transparent substance ought to be pro- 
portional to the action which the system would exercise on a 
molecule of ma^etic iluid. 

I tind a complete contradiction to the law announced by M, 
Berlin, according to ^vhicli the rotation of the plane oi polariza- 
tion due to the influence oi a single magnetic pole will decrease 
in geonietnc progression when the distance from the transparent 
substance to the pole increases in arithmetical progression. The 
explanation of this disagreement is not difficult to give. M. Bertin 
considers as pole, the terminal surface of soft iron of one of the 
branches of liuhmkorfF's electro-magnet. Now this suriace 
could not be regarded as pole, at least if to this expression be 
attnljuted its precibc signification; it is a system of magnetic 
centres distributed over a great surface, and whose action cannot 
be assimilated to that of a single centre. We cannot then look 
fur the elementary law which makes the rotation of the plane of 
polarization depend on the distance from the transparent sub- 
stance to this polar surface ; we can only tind an empirical for- 
mula, which ought to change when the electro -magnet is changed, 
or even when we simpl y change the terminal armatures of the 
same electro-magnet. But if the law which I have established 
in this memoir be true, the empuieai formnla which represents 
the decrease of the rotations at different diitancea from liie polar 
surt'aee ought al^io to represent the decrease of the magnetifi 
action, sinc^e tjiese two quantities are always proportional; con«» 
iequcntiy, ni the apparatus of M, Bertin, the magnetic actions 
ought to deerease in geometric progression when the distanixi 
from the polar surface increase in arithmetical [irogrcsdon. 

Direct experiments have completely confirmed this conclusion. 
The apparatus which I used, and which belongs to the Ecolc 
Kormale buperieure, was that which M. Bertin also used in his 
l^searehes. I took away one of the branches of the electro- 
magnet, and at the extremity of the branch that 1 retained, I 
screwed instead of the large armature of my experiments^ the 
small hexagonal armature which M. Ruhmkorff* generally uses 
in his apparatus, and which M. Bertin himself used. I deter-? 
mined by^ the method betore indicated, the ma^^ud^ of ^le 
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magnetio 1011011 at differait distanees from the tonuoal soxftoe 
of uik annatiixe*^ and observed a rety slow deemae^wlueh may 
fitly be represented by a decreasbg geomelancal progression, 
sithongh it may be in reali^ a little less rapid* 
This may be seen in the following TsUe :— » 



BistaiKT iVoiii the Uatio of eacli magnetic 

{Hilar surface. Magnetic actionf* acuua to the preceding. 

20 192-25 

dO 146-00 076 

40 11375 0-78 

50 91 00 0-80 

GO 7375 0-81 

70 61-26 0-88 

Mean . . . 0*796 



I repeated the experiment after an interval of two months, 
duritig v.hieh time the r]rctro-ma[!:nct li;id been vciy frequently 
put in use, and I obtained agam ike same law, as the table shows. 



IHitsnce to the Edatbn of cadi manietie 
polar nnfiwe. Magnetic actioiit. actum to the preeediiig* 

25 1290 

35 970 075 

45 760 0-78 

55 60-9 0-80 

65 49*7 0-81 



Mean . . . 0*785 

Thus, by the effect of time and of use, the electro-magnet did 
not appear to be modified, so that the law of its action on an ex- 
ternal point was sensibly changed. We may then be permitted 
to believe, that when M. Bertiu made his experiments in 1847 

nnd 1848, if he had measured the magnetic actions exercised at 
diti'erent distances, he would have obtained results perfectly 
similar to tlie preceding; he would therefore have been able to 
represent these magnetic actions by a decreasing geometric pro- 

* This method only gives the value of the magnetic action exactly whoi 
this action is conataiit in the space where the induetiTe bobbin moves; but 
if the values of the magnetic action at different points of this space are 
shghtly dtffeiciit, it is clear that the methods detomine pncticaUy thcmeaii 
value. 

t The magnetic actions inserted in . this column have been determined 
by the method of alternatives, in order to etiminate the influence of amall 
variations of the intensity of the euirent. The pile was composed of 10 

Bunsen*s element*?. 
X Sec preceding note. 
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gmsion, whose ratio would have been very little different from tbe 
mean of the two preceding detenninations^ i. e, of 0*790. Now 
we find in the memoir of M. Bertin'l^ five series of experiments 
relative to the decrease in the rotations observed at different 
distances from a single branch of the electro-magnet. The two 
first are relative to Faraday's heavy glass, and may be repre- 
sented by two decreasing geometric ])rogreB8ions whose ratios 
are respectivelv 0*78329 and 0*78830 for 10 millims. of increase 
of distance; the third is relative to a flint prepared by M. Mat« 
thiessen, and is represented by a decreasing geometrical progres- 
sicm whose ratio is 0*78233 ; the fourth is relative to the bisnl- 
pLide of carbon^ and is represented by a decreasing geometric 
progression whose ratio is 0*78329; lastly, the fifth relates to 
the heavy glass of Faraday^ and is represented by a decreasing 
geometneal progression whose ratio is 0'78329« The mean of 
these five geometrical progressions is .0*78318, and dinars very 
Httle from 0*790. Thus the experiments of M. Bertin agree 
entirely with the law which th^ seem to contradict. 

In order to show well the mfluence which the form of the 
terminal sur&oes of the electro-niagnet ^ereises upon the law 
of the decrease of magnetic action, I repeated the same series of 
experiments by screwing one of my large armatures to the extre* 
mity of the branch of the electro-magnet which I employed. I 
obtained a law of decrease much more slow than in the preee- 
ding case, whidi may again be represented by a decreasing 
geometrical progression. On the contrary, when I replaced the 
laige armature by a cone of soft iron 24 millims. high, with a 
diameter at the base of 45 millims., the decrease was much more 
rapid, and entirely different from that which would have indicated 
a decreasing geometrical progression. The following Tables con- 
tain the results of these experiments :— • 

Large armature. 



Distaaoe to the Ratio of each magoetie 

polar mface. Magnetic aetion. setion to the preoediog. 

mm 

22 7700 

32 73-75 0-96 

42 67-87 0-92 

52 61-75 0-91 

62 55-50 0-'.)0 



Mean . . . 0 925 

* Anuaies de Chmu el de Physique, ti s^r. vol. judii. pp. 22, 23 
and 27. 
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Dittance from the Satio of oeh nagiwlie 

imiiiutof theeone. Magwrtict action. aetion to Clia piaeading. 

25 1370 

35 98-0 071 

45 74*5 0-76 

55 61-75 oaa 



Lastly^ the experiments No. III. and No. IV., and the expe- 
riments No. VL and No. VII., furniah a confirmation which 
oaght not to he neglected. In the experiments No. III. and 
No. IV,, I measured the rotations produced by two different 
thicknesses of the same piece of heavy glass ; if these measure- 
ments corresponded to equal magnetic actionsj the rotations 
ought to he proportioiuil to the thickurssc^, in virtue of the 
identity of the action of uU the pliites of tlir sulistance. In 
reahty tlic magnetic actions were not the same in the two expe- 
riments; but it is clear, that if the experiments had been well 
made, the ratios of the rotations to the maernetic actions ought 
to be proportional to the thicknesses. Now these relations are 
respectively equal to and 1'92 ; by dividinc: them by the 
corresponding thicknesses 37*2 aud 26, we obtain the quotient 
0*077 and 0*071', that is to say, numbers wliose difl'erences do 
not exceed the errors of expcruuent. The experiments No. VI. 
and No. VII. rehitne to the bisulphide of carbon, lead to the 
8ainf! conclusion. The ratios of the rotations to the maprnetic 
actions in the two experiments are 2 49 and 1*72; by dividing 
them by the corresponding thicknesses 44 and 31^ the quotients 
0 056 and 0 055* are obtained. 

Pabt lit. • 

In publishing his discovery of the rotation of the plane of 
polarisation produced by the influence of magnetism, Mr. 
rasday staled that the phenomenon manifested itself with the 
greatest intensity when the direction of the ray of light was 
parallel to the durcction of the magnetic forcesy and that it dis- 
appeared when these two directions were perpendicular to one 

• It would not have been possil)le directly to c ()iii|uirc tlie rotntions pro- 
duced by two different thickueii&es under tlie iiiiiucuce of the saoie mag- 
netic action, at least in the case of heavy ^lass. The aolar ^ght in tiavcr- 
sing the g^ais heats it peioeptibIy» and the glass acquires a perceptible 
birefracting power in even' dircrtinn perpcnclicular to that of the ray of 
light. Any observation with a tiiirkuess perpendicular to the first thick- 
ness studied in therefore impossible, as luug as this birefracting power 
not diaappearsd* and this dtsappeaxaaoe omn reqmMs more than an boor. 

t From the 4nnak9 de CkmH$t dt Pkfiijwt, toI. lUiif for j^a^uai^ I866t 
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another ; but he said nothing of the manner in which the passage 
from one of these extremes to the other is effected. Suhscquent 
observers haveconfirmed these two results, but have added nothing 
to them. M, Bertin made some experiments hy placiiie: a piece 
of flint or heavy glass upon the busc ol a cylnulncal electro- 
magnet at different distances from the axis ; m this manner he 
observed that the rotations of the jilane of polarization varied 
with the position of the transparent substance, but he discovered 
no law, and it is, in fact, evident that with the complex circum- 
stances under which he experimented, the elementary law of these 

Shsenomena could not be discovered. M. Pouillet, M. Edmond 
iecquerel, and M. Wiedemann in all tbeir experiments have di» 
rected the rays of light parallel to the action of the magnetie 
force. 

In tlua aeoond part of mv i&veatigation I propoae to com* 
plete our knowledge of tlie phttDomenon diiooFered by Mr. Fa<p 
raday, by determining^ in a gtmml manner, what takes place 
when the angle formed by the direction of the raya of light with 
the direction of magnetie action varies from 0^ to 00^ It will 
not be neoessaiy to inaiat upon the inherent interest of this re^ 
aaerdi; it ia evident that it must precede all discussion of the 
theoriea which have been^ or may be proposed to explain these 
phnomena. 

The apparatua usually employed ia not well suited to experi«i 
mente or thia kind; in them the rays of light must necessarily 
hare the same direction as that of magnetie action. Ruhmkorff's 
appaiatua is an example of this; it was, in fact, construoted with 
a view to give the greatest possible intensity to the pluonomena 
when the directions above mentioned were coincident. Never* 
theleaa, at first I endeavoured to make use of BuhmkoHPa appa* 
rat us hf giving a variable direction to the luminoua rays by means 



another. A few experiments were sufficient to show that thia 
modification of the apparatus waa not adapted to give resulta 
worthy of confidence. On this account I experimented in a 
manner similar to Mr. Faraday, by placing the transparent sub* 
stance so as to cause the rays of hght to pass s little on oneside^ 
or a little above the polar extremitiea of the electro-magnet ; as 
in my former experunents, however, the apparatus was arranged 
ao that the space occupied by the transparent body mB% field of 
Mniform magnetic intensity. 

For this purpose I procured a strong horse-shoe electro«magnet 
composed of two cylinders of soft iron, each 0*20 metre high 
and 0*075 metre in diameter,, and each surrounded by 250 metres 
of copper wire 2*5 millimetres in diameter; the two were fixed to 



the extremities of an iron bar Q*»'^ ioug, QM)7 l^road^ and 



of two successive reflexions 




r 
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tiiickj iig. 4, Flate Y*. The appantus waa mounted upon 
' a copper pedestal which rested npon four serews \', Y", 
BO that it oonld torn around a vertical axis passing through the 
middle of the transverse har AB; this vernier moving iqion 
the surface of the graduated horizontal cirde DB, indicated f^e 
horisontal displacement of the system* On the upper honiontal 
faces of the vertical branches two armatures of soft inm were 
fixed, whose disposition will be easily understood from the figure. 
Two prismatic pieces F and F gUdca along two grooves 0 and &, 
and could be fixed in any desired position by means of the screws 
U and U'. At their extremities these two pieces carried two platea 
of soft iron HK and H'K^ each Qn^'OlG long, 0»«04 broad, and 
0°**005 th Ick . The two edges of these platea were exactly parallel^ 
and, when they were withdrawn from each other to a convenient 
distance, it was easy to show by the method indicated in thepre* 
ceding memoir, that the magnetic actinn ^vas sensibly the same 
at all points of the rectangular space UK. U'K', as well as at a 
small distance above and below the same; between the same 
limits the optic action was also invariable. In the middle of the 
space between the two branches of the electro-inagnet was a ver- 
tical copper bar which reached almost to the level of the upper 
surfaces of the armatures^ and carried at its extremity a hori- 
sontal pkte graduated at the circumference. Above this plate 
was a second plate O, which turned on a vertical axis coincident 
with the axis of rotation of the electro-magnet, and was pro- 
vided with a vernier which indicated tenths of a degree. Upon 
this second plate, and resting on a small ledge R, the transparent 
substance was placed. A vertical rod fixed to the side of the 
transverse bar AB rnrned a pointer S at the same hrirrht as the 
tcnulnatinn upon the plate L. Two othvv vertical lods, fixed to 
the i'oot (it the apparatus and iiulcpeiuleiit of tlic electro-magnet, 
carried two blackened screens 15 centimetres in diameter. At 
the centre of one of these screens was a biretractiiig prism T, 
which polarized the incident light; in the centre of the other 
screen an aperture 3 inillunetres in diameter was pierced, merely 
to allow a narrow cylindrical pencil of rays to pass through f. 
The analysing apparatus, which consisted of the small lunette 
used in my former invest iiratious, was completely independent, 
and placed at some distance. 

The experiments were conducted as follows: — A ray of solar 
light, which was reficcted by a heliostat and polarized m passing 
through the birefiracting prism was made to traverse the traus- 

* The figure represents a view lookiiig down upon the apparatus. Tlie 
rav of light MN and the direction of magnetic action PQ make an angle 

of 30°. 

t The apparatu» was constnicted by M. Kutimkorff. 
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pa lent substance^ and afterwards analysed beyond the screen. 
The direction of magnetic action was first bronirhtinto parallelism 
with the direction of the rays of light, by making the zero of tho 
vernier C coincide with the zero of the graduated scale beneath 
it; the traiisjiarent substance was next placed so tliat the faces 
of entrance and exit were pcrpeudicukr lu the same direct : 
this was done by making the zero of the vernier on the plate 0 
coincide with the zero of the corresponding graduation; and 
lastly^ the optic phsenomenon was observed. Afterwards, the 
electro-magnet was tamed through any angle whatever ; this of 
course caused the transparent substance to tarn through an exactly 
equal au^Ie^ but it was brought back to its primiti?e position by 
an oppomte and eiaetly equal rotation of the plateO; the luminoua 
rays, however, preserved an invamble directi<ni^ and consequently 
they always traversed the same thickness of transparent subatanee. 
The apparatus being thus disposed, the optical phtenomenon 
was obflMBTved^ care being taken to repeat eadi experiment twice 
by turning the electro-magnet successivelv towards the right and 
towards the left ; afterwards, the mean of these two results was 
taken in order to eliminate the possible influence of imperfectiona 
in the eonstmction and arrangement of the several parts of the 
apparatus. With small an^lar displacements of the electro* 
magnety these two results were not sensibly different from one 
another; when the angular displacement attained or exceeded 45 
d^;rees, the difference between the two results was greater than 
the usual errors of observation. 

In the first place, it was easy to corroborate the ftict that the 
ootical phenomenon is, in all cases, simply a rotation of the 
plane of polarisation. By using homogeneous light> and first 
placing the analyser so as completely to extinguish one of the 
two images of the diaphragm, I have witnessed the reappear- 
ance of this image by the influence of magnetism ; but whatever 
might have been the relative situations of the electro-magnet 
and of the transparmt substance, I was always able to extinguish 
thia new image by a convenient rotation oi the analyser. By 
using white light I have seen the image reappear with variable 
colours, and by changing the position of the analyser, I have 
always found the tints to succeed each other in the order peculiar 
to these pha^nomena of rotation, whatever might have been the 
arrangement of the apparatus. In common with my predeces- 
sors, I have always observed that no effect was produced when 
the magnetic action was perpendicular to the direction of the 
rays of light. 

Thus these jiha nomcna manifest themselves in a less compli- 
cated manner than might have been expected ; when the direc- 
tion of the rays of polarised light is parallel to that of magnetic 
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aotion^ there ii a certain rotation of tiie plane of pokritatkm 
prodneed ; when llieie two rotatkmt are perpendUeoIar to one 
another^ the rotation is lero ; when the angle enoloied by both 
direetiont variea from 0^ to 90^^ the rotation deerenaos in a oon-» 
tinnona manner. Thia gieneial fact onoe e«tabliihed» all that 
remains ia to determine oy «nust metauremente, the law of the 
deereMe of the rotationa. The apparatoft and optical methods 
described in my preceding memoir remsin, thereforfy entirely 
applicable. For reasons stated in another place^ I have always 
preferred the nse of white li^t and the ohsemtion of the tint 
of passagiey to the nse of homogeneons light. 

The measurement of the ptonomena have again led me to a 
very simple law. J%8 rotaiwn of the plane ^ polarization ts 
proportional to tk§ eo9m§ of the angle enclosed between tho ^ecHm 
of iho bminoua rays and thai ^nrngmslM action ; conaeqnenily 
it 13 proportional to the component of magnetie action panlld 
to the direction of the luminotts rays. 

I have experimsntsd on the same substances as in my former 
researches, f. e. on heavif gUua, flinty and bisulphide of carbon. 
The bisulphide of carbon was always endoscd in the same small 
vrssols described in the first part of this memoir ; the specimen of 
flint was the same as that I had already used, but besides the 
imo specimens of heavy glass, of which i have before given the 
dimensions, I was eoabledy through the kindness oi Mr. faraday, 
to add a third of somewhat smaller size. 

In the following tables I shall merely record the results of 
two experiments, both of which were made by the method of 
observing the tint of passage; in these tables a represents the 
angle rnclnsrd l)y the rays of light and the direction of magnetic 
action, K and W the coriiplete* rotations ('ctirL'spuiidinp:, respect- 
ively, to positions on tlic ri^rht and ou the k'ti of the luminous 
rays; M the mean of these rotations ; Q the ratio of this mean, 
exprp*«spd in minutes, to the cosmc of tiie angle « ; the calcu- 
lati d \ aiucs of M, supposing the law of the cosine to be exact, 
and adopting, for the ratio of the rotation to the cosine of the 
angle a, the mean of the values of Qi and A the diifeienco 
between M and M'f. 

* I repeat that by this term, the diiference between the two azimuths of 
the tint of ^sage, correspouding to two opposite directioiis of the electric 
Cunea^ ia mtended. As m. my former researclies, each of these azimuths 
was (k-terinincd from four sepcfBtc obsenratiom made ait iatemls of ftte 

or six ininiit('?» nt most. 

t In ui iicr to avoid the effect of variations in the electric current, i luiv« 
adopted tha method of sltenistivesi the rotatum oorrespondiug toassO 
being always taken as a term of comoarison ; the vahies in the table are 
those which would ha?e been observca hinl tho rfitMtion corresponding to 
usso wnuiiBed constant* I have calculated them bjr means of a piopoftioiif 
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ExperimenU on Heavy Glm. Thickness 40 millims. 



a. 


R. 


R'. 


M. 


Q. 
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A. 
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4& 
00 
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o / // 


O 1 II 


\ 55 ^5 
8 29 15 
7 40 0 
0 20 0 

4 28 45 
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535-75 
627-25 
531-25 
637*60 

.n:57r>o 


\ h U 

8 37 50 
7 44 0 
6 18 46 

4 27 45 
2 18 45 


h6 % 

-0 8 35 
-0 4 0 
•fO 1 15 

+0 1 0 

-f 0 0 45 


8 2^ 30 
7 38 0 
6 17 45 

4 29 30 

2 9 30 


8 32 0 
7 42 0 
6 99 15 

4 35 0 
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Ms^irmenta tm MmJphide of Carbon. Thickness 44 miUinii* 
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5 7 45 
4 9 0 
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5 41 0 
5 8 15 
4 11 45 
9 58 0 


Q 1 it 

+020 
+0 1 45 
-0 0 30 
-0 9 46 
+0 0 45 


5 44 6 
5 5 2 
4 09 0 
9 59 0 


5 47 30 
5 10 30 
4 16 0 
3 530 
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3560O 













The law just established explains t ctrcamstance which I had 
occasion to notice in my former researches ; when the ray of 
light is parallel to the direction of magnetic action^ the arljust- * 
ment of the apparatus may be deranged to a sensible extent^ and 
oonaequcntly the angle a made to vary from 3 to 4 d^greeSi 
withoat altering the rotation of the plane of polarisation to any 
appreciable extent. 

If we adopt the thcoietical notions of Fresnel with respect to 
the rotation of the plane of polarisation^ we must imagino the 
polarised ray^ falling perpondicularly upon the transparent sub- 
stance which is submitted to the influence of magnetism^ trans- 
formed into two rays circularly polarized, and in opposite diree- 
tions^ and propagated with unequal velocities. If the velodtiet 
of propagation be represented by v and ff, it follows from the ' 

1 ] 

law above enunciated, that the expression varies propor« 

tionally to the cosine of the angle enclosed between the direction 

of the luminous rays and that of magnetic action. 

I shall confine myself to this theoretical remark, and for the 
present abstain from any further rcilections on the law I have 
just established. 
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LXIX. On (he Crystalline Form of Leucopkane, 
By &. P. Geeg, Esq.^ 

MINERALOGISTS have not hitherto satisfactorily deter, 
mined tlir crystalline form of Icucophane, IVoiii the waut 
probably oi' good crystals. In tlic last tiditiou (fourth) of D;iusi'> 
' Mmeialog-y ' it is described as prismatic, with cleavages in tlircc 
directions inclined to each other at angles of o3^° and ^G^^ , 
while iu Brooke aud ^Idler s late edition of 'Phillips/ leucophm 
is stated as belonging to the anurthic system. 

As this mineral, from its chemical cuaiposition, locality, and 
associated miiicrals, forms an interesting and iinj)ortant species, 
I j)ri)i)ose brietly to describe a large cr}\>tal in iiiy possession, 
and wtiich I believe is the c uly tolerably pertect crystal of leuco- 
phane yet obtained. The acconijKmying figure is drawn so as 
to represent tlie most perfect portiun of the crystal, the dotted 
hues nidicatmg those faces or edges which are imperfect or 
brokeu in the crystal itself. 





Gfflf. 


milcr. 




o / 




r 88 54"! 

89 28; 


a : c 


90 0 


< 


t\h 


90 0 




' 89 51 1 
89 11 f 


a,^ 


r 90 o; 

1 05 0| 


91 3 


eid 


118 30 


- 


rn9 71 
1 11/ 57/ 


c i e 


117 0 


* 


'117 88-1 
.117 57/ 


a : d 


90 0 




h : 0 


101 m 


100 9 


e ; 0 


140 80 




a : 0 
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d : 0 


122 0 




d: i 


147 0 




0 : t 


157 0 




bit 


124 0 




a It 


128 30 




cii 


126 0 






The measurements given by Professor Miller were made with 
a leflectiTe goniometer constructed foi^ measuring the an^es of 
lai^ crystals ; those ^ven by myself were taken with the common 
gcmiometer, for applymg which the dystal is well adapted. Froift 
the nature of the crystsl it is not easy to determine all its fona^ 

* CoQuuiuiicated by the Author. 
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or ascertain precisely to what system they lead ; but the discovery 
by Descloiseaux and Brooke, that leucophane shows distinctly 
two systems of rings* when examined by polarized light in a 
direction perpendicular to the face of principal cleavage (c), ren- 
ders the reading of tln^ crystal a matter of less uncertainty; and 
I am inclined tu eoiisuler that leuco])liane belongs to the pris- 
matic system, having a right rectangular prism for its primitive 
lorm. This view supposes that ah = [)0'^, as well as cb and ac, 

I have observed three cleavages ot leucophane. One parallel 
to e is the most readily obtained ; a second apparc ntly parallel 
to i; and the third, truncates the ( dge ijetween a and at au 
angle of about 135° with each of those faces. The three cleavage 
pl^eft are in one zone, ci being = 126^ 25', and c/=90°. 



LXX. On an Analyiits of the Potash and Soda Felspars of oiie of 
the Dublin Mountains. By k &xii cis M. J £NNInqs, M,R,I,A., 

. F.CS.'f 

AT the January meeting of the Geologieal Society, Dublin, 
1855, a discussion took place on a paper, by the Rev. 
JoKpb Galbraith, Professor of Natural and Experimental Pbi« 
losophy in the University of Dublin, entitled The Composition 
of the Felspars of the Granite of the Dnblin and Wicklow IVf oun« 
tains/' which appeared in the January Nnmber of the Philoso- 
phical Magazine. 

I regret much that the reverend essayiat was not preient, aa 
a& thoae who spoke, except myself, appeared to agree in the 
opinion expressed in the paper, namely that the granite of the 
Dublin and Wieklow Mountains was a potash granite, the ana- 
Ijsesof the felspars by the author appearing oonduaive to them. 

I expressed doubts, not aa to the coirectneas of the andyse^ 
but as to the opinions of those who, from the analyses of the 
felspars, drew sueh inferences. It appeared to me a great defect 
in a paper drawing such important conclusions, that portions of 
the specimens which were analysed were not exhibited to the 
meeting, for it to jndge if they were selected with that required 
discretion and care that would justify him in drawmg from them 
the conelnaioiis he had come to. 

To asoertaui the relative pronortions of potash and soda of the 
Uspar of those mountains, ana thence to mfer the composition 
cf ttie granite, I consider it necessary that the specimens to he 
analysed should be selected so as to represent as closely as pos- 

* According to M. Descloiaeaiu, exactly membliug those exiubited by 
topaz. 

t Commuiucated by the Author; having been read at the meeting of 
the Geological Society of DuUin, May 9365. 
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riUe^ in litbological dianeteri the miM of lod^ or moimtniw 
ihe compontum of whidi is to be inlemd from midi analyaes ; 
and if they do not f dfil theie eonditMua^ I oonnder them woitli* 
leas as far aa inferring from them the conatitatum of the maaa 
of the monntain* 

Aa the opinion of thoae memben who spoke wete aU againat 
me» I therdToce leaolvedt aa aoon aa poaaible, to teat hf aaiuyaii^ 
from one of thoae localitiea given by the essayiaty the oorrectneaa 
of my viewa; and leamiDg that the Three Bock Monntain'' 
represented in general litholoprical characters most nearly the 
granite of the Dublin and Wicklow Mountains (being too much 
occupied myself), I got a skilful professional chemist of high 
character in London^ Mr« Dogald Campbell, of Qnality Court, 
Chancery Lane, to analyse for potash and soda a portion of the 
granite of the " Three Kock Mountain/' and took care that the 
specimen should be aa similar as possible in general character to 
the granite of thoae mountains. IVlr. Walter Wilson, of the Geo- 
k^cal Survey^ who is thoroughly converaant with the diatrict, 
undertook very kindly to nrocnre for me aa &ir an average ape- 
eimen as he could obtain, and which acoompaniea thia paper^ 
aitMtf that portibn used for analysis. 

From this analysis it will be perceived that a great difference 
exists between it and the analysis of the specimens of felspar 
from the same mountain by Frofeaaor Qalbcaith^ as far aa regards 
potash and soda. 

Analysis by Professor QaUirmth. 

Atomic 

Per Ml. qootieiits. Pjrop e r ti omia, 

SiO» 65-40 1*444 419 

A1«(P ' . 17-71 0 314 1-00 

MgO 1'77 0088^ 

CaO trace 0 000 I 

KO 10 G8 0-227 f 

NaO 3 26 0-105J 

Iioaa by ignition . • . 0*60 

99*51 

Specific gravity =2'562. 

Annhfm of the ammmt of Potash and Soda by Mr* Duyald 

CangibeU. 

KO - . . « • 3*28 per cent 
NaO .... 8*75 

There is in this analysis of the felspar abont 4 per cent, of 
micu, which of coui'se increases the relative amount of potash 
belonging to the felspar. 
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Now assuniiiiLr, wliat I have no doubt to be the case, that 
both the analyses are correct, how is the (lidercuce to be accounted 
for? Either that there is in the IVlsjiar of the mountains a great 
diversity of constitution, or that the felspar selected by Professor 
Galbraith was not siodiiar to that composmg the general msM 
of the iiiouiitain. 

To enable him and the Society to judge as to tlio s|)ccimen9 
from which the analysis was made by Mr. Campbell, it accom- 
panies this paper ; and any part not exceeding one-half is at the 
disposal of the Professor if lie wishes to examine it. • 

I have since received the following letter : — ' 

''EfStimation of the potash and aoda in a specimen of granite 
leeeiTedfrom F. IL Jennrngs, Esq., of Cork^ on March 16, 1855* 

''In mj first experiments^ before reducing the mineral to a 
fine powdler^ I only removed the larger pieces *of mica, and the 
midoe gave,— • 

Potash • . . 3-23 per cent. 
Soda .... 8-75 ... 

''In a second set of experiments just finished the mica wai 
carefully picked out^ scarcely a trace being left^ and the residue 
gave,— 

Potash . . . 8 02 per cent. 
Soda • • . • t3'93 ••• 

BvGAhj^ Camfbeu.." 

" Francis M. Jetmings" 



LXXI. On the Porism of the In-and-circumscribed TriangUf and 
on an Irrational Transformai ion of two Ternary Quadratic 
FarmM each nUo iUdf By AnvHum Catuby, Esq.* 

THERE is an iirational transformation of two ternary qua- 
dratic forms each into itself, based upon the solution of the 
following geometrical problem. 
Given that the line 

meets the oonie 

(«, f 9* f^X^f V* 2r)«=0 

in the point {x^, y^, r,) ; to find the other point of intersection. 

The solution is exceedinerlv simple. Take (.r^, y^, r,) for the 
coordinates of the other point of intersection, we must have 

* Commimjcatcd by the Author* 

PkU. Mag. S. 4. No. 6^. Bt^L Vol. 9. 2 L 



Digitized by Google 



114 Mr. A. C^rliy «• ffe JMhi ^Hf 

idCTticil^ wun le^^ect to 

■ 

to a constant factor 

Assome snceeanvdj %M,;f$ 

OT, iHuil it mm tfiiDg, I 

*i • • -^t— ^1*1 + ~ l?/5nii) 

:ir|«|(cP-|-ai^— I 

It is not necessary for the present jjurpo^i, but it may be as ' 
well to give the corresponding soluuon of the problem. 

Given that one of the tangents through the point (^^ V^^^ \ 
the conic 

if the line i^+wt^'^n^^O ; to find tlie equation to the olkr 
tinsent. 

Let i^+m^+nstsO-he tiie other tangent, then 

(« . . Xfe ^» f)V • -X^' y* ^)'- (a-Xfe^^JGC'^y*^)!* 

to a constant factor pres. Assume successively yssQ, z=0; 
i8r = 0^ ^=0; wssQ, y^^f we have 

or, as they may be more simply written^ 

Returning no\> to the solution of the first probleu)^ 1 shall 
for the Huke of .simplicity consider the formulss obtained bj 
taking for the equation of the conic, 

Ve se^ therefore^ that if this eonie he intersected by the hoe 



V 
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if -^M^+JwaO in the points (xy z^) and (^r^^ jr^i then 

We havei In fact, idenHeatty 

»(amfi«i+iSii/y,+y/injPi)(i^i+my|+iiiri) 

iriuch ahovr that if £r| + my, + nxTi oO and cur,^ + /%|* + 7j^^0^ 
then also IZf^+my^'^nz^^O BnAa»^+fii/^-^yz^^Oi this is, 
of eoniaej as it shoidd be. 

I ahaU now consider I, n as given JunctwfU of y^f Zi 
Mtistying identacal] J the equatioas 

{lxi + my^+nzi=0 

equations which express that Iv + mij-^-nzsiO is the tangent 
irom t\\v jiuiiit y,, to the come fl.r'-f ^y* + c;s*=0. And! 
shaii take for /S, 7 the folluwing values, viz. 

10 that #!» y|, XT} continuing absolutely indeterminate, we have 
idMes% ta^'¥^\^y^^^^' Also taking 6 as a fimetiiin 
of jTp y„ uie vune of which will be subsequently given, I 
write 

«,=ey,r,09fi«+7m«) 

z,=e;irjyi(«i»«+/3/^); 

90 that Xi, y^ 2, aie arbitrary, and x^, y^, are taken to be 
deterainale functions of Xy, y,^ The point {x^ y^ 2^ is 
gmmetrically connected with^^e jpoint (xy, y^, z^) as follows, vis. 
(z^ y^ is the point in which the tangent through (x,, y^ z^) 
to the cenie «a^+^+M**«0 meets the eooic passing th]Nm||li 
As point («|, y^i ~i) and the pointa of intersection of the comes 

2L2^ 
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(Li^-hbi/-{-cz^^O and j:«+f^+«»=0. Conieipiently, in the 

pariRular c^- in which (jr^ yj, ar,)- u a point on the COniC 
arHy^ + -- = 0, the point (x^, y^, is the point in whiA tbii 
conic is met bv the tangeot through (or^ y„ Zi) to the conic 

It has already been seen that lar^ + myi + nifci =s 0 tod 
«^i*H-)5yi^ + 7-i^=0 identiealK ; consequently wc have identi* 
cally />2 my^ + « 0 and ajt^- + y ^® 

equation, written under the form 

n^omB that if «^|u,f^j«ic Mich that j^«+y8*+ar/=j:j«+y,H^A 
thenthataI«>«a!/4-4yt«+cr42=flj:,* + &yi*+cr|*. I proceedto 
ddteraik»6 aothrt we may have^«*+y2*+-?2*=«i*+yi*+'p 

Write for a moment <u',' + 5yi* + cr,«=j?, X|*+y|*+^i*aji 
ao that«sp— fi=p—bq, yszp^cq, then 

the first line of which ▼anishea in ▼irtne of the equation 
+fwyj +nrj=0, we have therefore 



I'' 
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Hence reducing the function on the right-hand aide^ and patting 
+ + ^%^\* + y I* + ^i^= h we have 

The value of O migbt probably be expressed in a more simple 
form by means of the equations /.r, -4- my, + n = 0 and 
1!^bc-\-m^ca + n^ab=^0, even without solving these equations; 
but this I shall not at present inquire into. 

Recapitulating, 1, m, n are considered as functions of driiy^^l 
determined (to a common fueUnt prki) by the equations 

f^bc 4- vi^ca -f 7i^ab = 0. 

6 ia deteroiiued as abovcj and then writing 
we have 

And these values give * 

In connexion with the subject 1 may add the following tran»» 
formation, viz. if 

Then reciprocally 

Also + 

^*»+y»+*«-y»-«ar-*y)=«(*«+y«+»«-y'»'-a'«'-«y). 
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• SnppoM 1 <f p + p'aO, then 

and in fiact 

8 ✓;{a^+/)y+pV) = - ✓93(l+2p)(ar+py+pV) 

8 + pV + pz) = V'3^(l + 2p) (ar 4- + P-s'). 

The preceding investigatioiis have been in my possession for 
about eighteen months. 

. 8 Stone Buildings, 
Apiil 18* 1866, 



LXJCII. Cunlnbuiiom io our Knowledge of the Nature of the so- 
called Coercive Farce, By Professor PLUCK£a*. 

1. TN a former memoir I proved that the magnetism excited 
1 by paramagnetic or diamagnetic induction in various 
substances is not proportional to the inducing force, but in each 
particular substance, acrortling to a peculiar law, approaches a 
maximum ^vhicli is tlic point of saturation of tlic substance. I 
have shown cnipirically^ that forrach of the f^uhstaiiccs (examined 
by me, the inLluccd magnetism, after assuming tlic unit of indu- 
cing forcCj could be (Iftcrmined by means of two otlicr constant* 
which are inckpcndcut of each other. One of these constants I 
have named the constant of induction, and the other the constant 
of resistance-^ . If it ^liuuld be found that the constant of 
resistance in any substance is zero, then for this substance the 
induced magnet imu would be ])roportional to the inducing force, 
and the receptivity ot" the substance for magnetism ^Nould be 
shown by the constant of induction alone. The induced mag- 
netism of the substances examuicd by me (mckeJ, cobalt, iron, 
oxide of iron, oxide of nickel, bismuth, phosphorus, oxygen, 
hydrated oxide of cobak; always falls short, in different degrees, 
of the proportionality mentioned; and the more so, the greater 
is the constant of resistance. The few observations made at the 
time re ndered it to mc probable that for those substances which, 
after the mducing force to which they were exposed had ceased 
to act upon them, still retained a considerable portion of tlu ir 
magnetism, the constant of resistance was comparatively small ; 
so that the magnetism of such substances, when the inducing 
force is augmented, increases more quickly, and more slowly 
approaches the point of saturation. As far as regards hard steel 
in comparison with iron, I ooold hot doubt the correctness of 

♦ Extract from a pajier iu Poggcndorff's Annalen, vol. xciv. p. 28. 
t Some oUier tern might have bt^u cho^cu with aiivanta|^. — Ed. Phil, 
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this conclusion. This was proved by a aimple experiment which 
I mentioned several years and wbieh showed that two bars« 
a thick one of iron and a thrn one of steely formed into a cross 
and suspended horisontally before the pole of a magnet^ wore 
directed at a distance by toe bar of itan, bat near to the tna^ 
•at by the bar of ileel. Numberii hxmew, were wanting wbieli 
I oomd not obtain from thia experiment. The iolid bodiea 
anmined by me in the memour x^erred to were aU in the Ibna 
of powder* It appeared to me therefore very deeirable to bjing 
iha above ^neetion to the teat of experiment^ operating in % 
manner which permitted of the examination of iron and sted in 
a maeaive form. 

2« For this purpose I had prepared a button of iron (A)j and 
three buttons of steel (B, 0^ J>)« as nearly as possible alike in 
shape and form ; the three latter were made as hard as possible, 
sad afterwards the button B was tempered to blue, the button 0 
to yellow, while the button D retained its full hardness. Theas 
three buttona were ent from the same bar of fine English steel| 
Rnr! were rounded h cm i spherically and polished at the ends. 
Their thickness was B millims. ; their length, excluding a small 
hook for suspension at the ether end, was 14 millims. ; their 
weight about 6*3 grms. From the same bar of steel, still smaller 
bars E were cut 53 millims. long, and also hardened and rounded 
at the ends. The button A was formed from a bar of iron ci 
equal thickness; and again from the same bar, a smaller one F 
was taken, equal in sife and form to the steel bar E. 

8. Five series of weighings were undertaken in ordw to deter* 
mine the weights which were necessary to separate the different 
buttons from the inducing magnetic pole. For the three first 
serie5« of weighings, three of the steel bars E were taken and 
carefully niaornctized in different degrees. These bars were then 
successively lixed vertically by screws upon a foot ; upon them 
the different buttons were caused to rest, and the weight which 
was necessary to eticct their si }iaration was detennlned. In the 
first scries of weighings, in which the button was attract( d by 
the bar which was mn^t feebly magnetized, I made use of a hue 
Geissler's balance, aiul the weiirlit was determintd by a rider of 
platinum which was moved along the arm of a lever. In the 
second series, ni which tlie different buttons were attracted by 
the bar of medium magnetic strength, the same balance was 
made use of, but the amount of the attraction was dLtermincd 
by pouring dry sand out of a small orifice upon the scale-pan 
at the opposite end of the balance-beam. The sand after each 
determination was weighed with another balanec. In the third 
scries of experiments, the plass balance of Geissler had to be 
ch&Dg/^ iur a kr^^cr chemical baiamcc the detcruun^itious were 
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made ia the tame mantier as in tlie second aeriesi enl j tint 
valuta were first laid on befote the land waa added. 

In tbe laat two series of weighings the large ekctro^magDet 
waa made use of ; a Tery Uunl eone, whose baae waa of the same 

diameter as the electro-magnet, and whose point was rounded, 
being placed npim tbc flat pole of the magnet. The buttona 
were hung upon one of the arms of a comm(m balance^ and after 
partially balancittg the attraetkm weights \)hvvd upon the 
opposite sealeNpan, the Bcparation was finally effected by the ad- 
otion of small grains of shot. The dectve-magnet was at one 
time excltsd by a single eell of Groivej and again by a battery of 
aix cells, 

- ' ' ' 4. 8eru» of EspmmeiUs, 

Tlic nuiii bora express the weights in grammes necessary to pro» 
duce the separation; those side by side are the wcitrhings of the 
same button, repeated immediately one iiftcr the other. The 
succession in which the dilfereiit buttons were weighed is stated 
in the first vertical column, the substance of the button used m 
each case being indicated. 



Soft mm 




grm. 


gnu. 


• 


. • 0*395 


0*895 


Bine steel , 


> • 


. . 0*88 


0-84 


Ydlow steel 


• 


. . (y26 


0*27 


Glass hard steel 


. . 0*120 


0*125 


Yellow steel 


• 


. . 0*26 


0*27 


Blue steel < 


1 « 


. . 0-85 


0-84 


Soft iron 


» • 


. . 0*415 


0*405 




5. 


Second Seriee* 




Soft iron 




gnus. 


gnus. 


« ■ 


• . 2-60 


2-70 


Blue bteel 


• 


. . 210 


2-20 


Yellow steel 


* 


, . 1-80 


1-80 


Glass hard s 


tecl 


, . 100 


100 


Yellow steel 


• 


. . 1-70 


1-60 


Blue steel 




. . 200 


210 


Soft iron 


• « 


. . 2-66 


2-65 




6. 


Third Serki. 





The attraction of the diflfeiTnt buttons by the strongest of the 
three steel magnets was determined twice on different days. 



Soft iron 


gnus. 




gnus. 


grins. 


. 35-8 


360 


35-9 


36-4 


Blue fitcel . . 


. 29-8 




30-7 


29-2 


Yellow steel . 


. 25-4 




;>5-8 


25 0 


Glass bard steel 


. 18-0 


181 


19-0 


18-5 
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Soft iron . \ 
Blue steel . . 
Yellow steel . 
Gla»s hard steel 
Suit iron • • 



gnna. 
340 

29-2 
24-2 
17-9 
35-2 



grnis. 

29-8 
247 
18*2 
84*9 



85 0 

241 
186 
360 



gnus. 



34-5 



7. Fmtr^ Sma^ 



grras. 

Soft iron 205 + « 



Blue steel 296 + 



/13I 
131 
127 
124 

' 3 



YeUovBted 



• • • • 



GWs iiard steel 



255+ 



250+ 



Soft iron 



r225+ 

Uo5 + -^ 
8. Fifth Series. 



2 

2-5 
7 

5 • 

6 

2-5 
2-3 
30 
5-8 
7-6 
4-5 
4-7 

22 

25 



grms. j 21 

Soft iron 1553+^ 18 

19 
'24 

Blnested 1428+^ 9 

12 
'20 

. 1283+^ ;j 

_ 4 
ri6-5 

Glass hard steel . . . 1133+^X4*5 

Ll8-6 

Soft iron 1548+ 28 



Yellow steel 



Yellow steel 



. 1233+ 



ri6 
ivsn 
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In the fourth and fifth series, the greater numljcrs which 
stand forward drnotc the weight not yet sufficient to clFect sepa- 
ration^ and the siuallcr numbers behind the brackets denote the 
weight of shot wliich was added. 

9. Taking the mean values of the single determinationa of 
each series we obtain the ioUowmg result : — 

Glass bard fted. YeUiiirstod< Una steel. Soft iron. 
{THIS. S'ins* snns* snas. 

L 01225 0268 0*840 0-406 

XL 11000 1-726 2*210 2-626 

HI r250 r29-9 r360 

1 18-2 t24-8 \29-7 \84'6 

lY. 238 261 298 831 

y. 1149 1245 1438 1572 

Setting the attraction of the button of glass hard steel equal 
unity, we obtain for the attraction of the three other buttons the 
following proportionate numbers i—* 





Yellow steel. 


Blue steel. 


Soft iron. 




grms. 


gfUIS* 


grms. 


I. 


2*18 


2*78 


8-81 


n. 


1-72 


2*21 


2-62 


m. 


/1-86 


ri-68 


ri-96 


1 1-84 


11-68 


ll!90 


IV. 


1-12 


1-28 


l-4d 


V. 


1084 


1*25 


1-87 



10. This tabular statement shows, as was to be expected, in a 
striking manner, that the harder the steel is, the more feebly it 
is magnetized ; but that with increasing force, its magnetism 
increases in a so much quicker ratio. AVc see that when high 
power is applied, the yellow steel is not much more strongly 
attracted than the glass hard, but is more than twice as strongly 
attracted when the force is feeble ; and that the magnetic de- 
portment of the blue steel forms the transition to the attraction 
of the soft iron. By the feeblest of the forces appHed thia is 
attracted 3f times, by the highest power only 1^ time more 
strongly than the glass hard steel^. 

* lliis result leems to be sn important contribution towards n physical 

theory of mftf^etism. The ^vord "resistance" appears to us uuhappily 
chosen hv M. Piuckcr ; in tin ease of iron it is miexhaustion of the qiuiHty 
ou ^vhlch lU attraction dcpcuUs, rather thau a resistance tu lux lhcr mag* 
}ietization, wliich seems to lie indicated by the ezperimenti.— J. T. 



Digrtized by Google 



[ 628 ] 



LXXIII. On the Dynamical Theory of Heat.—?9xt V. On the 
Quantities ef Mechdnical Energy contained in a Fluid in Dif' 
ferent States, as to Temperature and Density. By William 
Thomson, M,A,, Professor of Natural Philosophy in the Uni* 
versity of Glas^ow^. 

[Continued from vol. iv, p. 434.] 

81, A BODY which is either emitting; heat^ or altering its 
'tjL dimemnons against resisting forces, is doing work 
upon matter external to it. The mechanical effect of this work 
in OQA oaae ia the excitation of tbcrmal motions, and in the other 
the oyensoming of miatanoeB. The body must itself be altering 
in its eunminstaneetf so aa to contain a lesa store of work within 
it by an amount precisely equal to the aggregate value of the 
mechanical effecta produced; and conversely, the aggregate 
value of the mechanical eflfccts produced must depend solely on 
the initial and &ial states of the body, and is therefore the same * 
whatever be the intermediate states through which the body 
passes, provided the initial and final states be the same. 

dSlt^ The total mechanical energy of a body might be defined 
as the mechanical value of all the effect it w ould produce in heat 
emitted and in resistances overcome, if it were cooled to the 
utmost, and allowed to contract indefinitely or' to expand inde- 
^tely according as the forces between its particles are attractive 
or repulsive, when the thermal motions within it are all stopped ; 
but in our present state of ignorance regarding perfect cold, and 
the nature of molecular foroea, we cannot determine this ^ total 
mechanical energy " for any portion of matter, nor even can we 
be iuie that it is not infinitely great for a finite portion of 
jnattcr. liencc it is convenient to ehoose a certain state aa 
standard for the body under consideration, and to use the un- 
quilified term, meehtmical energy y with reference to thia standard 
state; so that the ''mechanical energy of a body in a given 
state'' will denote tlie mechanical value of the effects the body 
would produce in paasing from the state in which it is given^ to 
the standard state^ or the mechanical value of the whole agency 
that would be required to bring the body from the standard state 
to the state in which it is given. 

83. In the present communication, a system of formulae 
ibnnded on propositions established in the first part of my paper 
4Mk the Dynamical Theory of Heat, and expressing relations oe- 
tween the pressure of a fiuid, and the thermal capacities and 
mechanical energy of a given mass of it, all considered as func- 
tions of the tomperature and volume ; and Camofa function of 

* From the Trausactious uf the Royal Society of £diuburgb, vol. xx. 
ptit 3 ; read December 16, 1851. 
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the temperature ; are brought forward for the purpose of pointing 
oat ihe importance of making the nuchameatmia-gy of a fluid ia 
different atatea an objeet of research, along with the other de« 
menta whieh have hitherto been oonaideied, and partially invea* 
tigated in some eaaea, 

84. If we consider the drcumatanoes of a stated quantity (a 
unit of matter^ a pounds for instance) of a fluid, we find that ita 
conditioDi whether it be wholly in the liquid state or wholly 
gaseous, or partly liquid and partly gaseous, is completely definedi 
when its temperature, and tne volume of the apace within which 
it is contained, are specified (§§ 20, 58, 56), it being under* 
stood, of course, that the dimensions of this space are so limited 
that no sensible differences of density in difierent parts of the 
fluid are produced by gravity. We shall therefore consider the 
temperature, and the volume of unity of mass, of a fluid, as the 
independent variablea of which ita pressure, thermal capaeitiea, 
and mechanical energy are functions. The volume and tempe* 
rature being denoted respectively by v and /, let « be the mecha- 
nical energy, p the pressure, K the thermal capacity under con* 
atant pressure, and N the thermal capacity in constant volume ; 
and let M be auch a function of these elements, that 

dp 

K-N+4[:M (1), 



dv 

or (§§ 48, 20), 6uch a quantity that 

M(/rH-Nrf^ (2), 

may express the quantity of heat that must be added to the fluid 
mass, to elevate its temperature by it, when ita volume ia aug« 

mented by dv, 

85. The mechanical value of the heat added to the tluid in 
any operation, or the quantity of heat ndded, multiplird by J 
(the mechanical equi\ alrnt of the thermal unit), imist Ijc dimi- 
nished by the work done by tht iiuid in expanding against 
resistance, to tind the actual increase of mocbiuiical cncriry which 
the body acquires. Hence (dc of course dc notiiiL' the complete 
increment of 6, when v and i arc increased by (it; and dt) we have 

Hence, according to the usual notation for partial diflmnttal 
codficients, we hinre 

^3sJM— ji • • (4)j 

l-JN (6). 
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Lastly, if we denote by /a, as formerly, Carnot's fuuctioa of the 
temperature we have (§ 21) 

|=mM (6). 

80. The use that may be made of these formula? in investiga- 
tions regardini^ the physical properties of any particular fluid must 
depend on the extent and accuracy of the general data belougmg 
. to the theory of tlie mechanical action of heat that arc available. 
Thus, if nothmg be known by experiment regarding the values 
of J and (JL^ we may^ in the first place, use equations (4-) aud (5), 
or the fuiiowing deduced from them 20), by eliminating e, 

and equation (6), as tests of the accuiacy of ox j)cri mental re- 
searches on the pressure and thermal ea|)aciue8 of a fluid, on 
account of the knowledge we have from theoiy that J is certainly 
an absolute constant, and that ui all probability, if not with 
absolute ccrtamty, we may regard ^ as inde])ondent of and as 
the same for all fluids at the same temperature ; and with ex})e- 
rimental data of sr uicicnt extent, we may use these equations as 
means of actually determining the values of J and/x. No other 
way than this has yet been attempted for determining /x; and if 
we except a conceivable, but certainly not at present practicable 
mode of determining this element by experiments on thermo- 
electric currents, no other way is yet known. Carnot's original 
determination of /i was efll(ected by means of an expression equi- 
valent to that of equation (6) applied to the case of a mass of 
air ; and the determinations by Clapeyron, and those shown in 
Table I. of my ' Account of Carnot's Theory,' were calculated 
by the formula which is obtained when the same equation is 
applied to the case of a fluid mass, partly liquid and partly in 
the state of saturated vapour (§ 55). 

87. As yet experiments have not been made on the pressure 
and thermal capacities of fluids to a sufficient extent to supply 
data for the evaluation, even in the roughest manner, of the 
expression given for J by equation (7) ; and it may be doubted 
whether such data can even be had wiUi accuracy enough to give 
as exact a determination of this important element as may be 
effected by direct experiments on the generation of heat by means 
of friction. At present we may r^ard J aa known, probably 
within of its own amount, by experiments of this kind. 

88. The value of J being known, eouations (4) and (5) may 
be used for determining the mechamm energy of a particular 
fiaid mass in diflferent states, from special experimental data 
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vegasding its pNSsarB and theroud capacities, b«t not nooessarilf 
comprehending the values of each of these dements for all stales 
of the fluid. The theory of the integration of functions of two 
independent ▼aiiables will, when anv set of data are propois^, 
make it manifest whether or not they are snffident, and will 
point out the medioda, whether of summation or of analytical 
integration, according to the forms in which the data are fur» 
nished, to be followed for determining the value of e for every 
value of V. Or the data may be such, that while the thermal 
capacities would be derived from them by difierenti^tion, values 
of e may be obtained from them without int^ration. Thus» if 
the fluia mass consist of water and vapour of water at the tern* 
perature /, weighing in all one pound, and occupying the volume 
ft^f and if we regard the sera or ''standard state of the mass 
as being liquid water at the temperature 0°, the mechanical 
energy of the mass in the given state will be the mechanical 
value of the heat required to raise the temperature of a pound of 

water from 0° to /, aiid to convert r- of it into vapour, dimi- 

nished by the work done in the exjMUision from the volume X to 
Uie volume e j that is, we have 

«=j(«<+L^^-;,(.-X) .... (8). 

The variables c, L, and p (w liich depend on t alone) in this ex- 
pression have been exj)erirm'iiiHUy determined by Regnault for 
all temperatures from (f to 230^ ; and w hen y is also detcrmuied 
by experiments on the density of saturated steam, the elements 
for the determination of e in this case will be complete. The 
expressiuiib investigated forme i ly forM and N in this case 54) 
may be readily obtained by means of (4-) and of J 85, by the 
differentiation of (8). 

89. If Carnot's function has once been determined by means 
of observations of any kind, whether on a single fluid or on dif- 
feieut fluids, for a certain range of temperatures, then according 

dt 

to (6) of § 85^ the value of jj for any substance whatever is 

* The same notatioii is used here as formerly m § 54, viz. p is the pret- 

sure of saturated vapour nt tlio tcmpemture f, y the rohimp, and L the 
latent heat of a pound of the vapour, \ tlie ro1um»^ of a ]>onud of liquid 
water, and c the mean thermal capacity' oi a pouiul ol water between the 
tempcnktnrei 0 and #. A nuut wdghiiig a pound, and occupying the 

volume V, when Ht the temperature /, muat cunsift of a weight ^ — • of 
vapour, and of water. 
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known for all tcmperatuies within that range. It follows that 
when the values of M for different states of a fluid have been 
determined experimentally^ the law of pressures for all tempera^ ' 
tores and volumes (with an arbitrary function of v to be deter- 
mined by experiments on the preanive of the fluid It one per«* 
tiealar temperature) may be deduced by means of equation (6) j 
or conmsel^i which is more likely to lie the case for any narti* 
eolar fluid, if the law of pressures is completely known, M may 
be deduced without further experimenting. Hence the second 
member of (4) becomes completely known, the equation assuminji; 
the following form, when, for M, its value according to (6) is 
subatitttted 

th^^dt"^ 

The intcgratiou of this equation with reference to v leads to an 
expression for e, involving an aibitrary function of /, for the 
determination of which more data lioiii ex})eriment are rcqiuicd. 
It would, for instance, be sufficient for this purpose to have the 
mechanical energy of the fluid iur all temperatures when con- 
tained m a constant volume; or, what amounts to the aamr (it 
being now supposed that J is known), tu e the thermal capa- 
city of the fluid iu constant volume for a particular volume and 
all temperatures. Hence we conclude, that when the elements 
J and fj. belonging to the general theory of the mechanical action 
of heat are known, the mechanical energy of a particular fluid 
may be investigated without experiment, trom determinations of 
its pressure for all temperatures and volumes, and its thermal 
capacity for any particular constant volume and all temperaturest 
90. Vcf example, let the fluid be atmospheric air, or any other 
subject to the saseous^' laws. Then if be the volume of a 
unit of weight of the fluids and 0 the temperature, in the stand* 
aid state mm whieh the mechanical energy in any other state 
is reckoned, and if Pq denote thecorresponcUngpressurei we have 

and 

j;(i|-/')<^-/'o^o{^-(l.E0}.ogJ 

Hence if we denote by the value of N when v^tr^ whatever 
be the temperature, we have as the general expression for the 
mechanical energy of a unit weight of a fluid subjeet to ^e 
gaseous laws. 
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91* Let U8 now aappoae tbe meeliamcal energy of a particukr 
fluid mass in Tariona states to have been determined in any way^ 
and let us find what lesolta tegaiding its pressure and thermal 
capacities may be dedaced^ In the first plaee, by integrating 
equation (8)^ considered aa a diferential6g[uation with reference 
to I for ji, we find 

p=y'''''^'/^e-^''^dt+i^(p)M> . . (10). 

where -^v) denotes u constant with reiercnce to which may 
vary with v, and cannot be determined without experimeut. 
Again^ we have from (5)^ (4), and (1)^ 



dp 

IT > 



(U). 



From tlie first of thrse <'q nations WO infer, that, with a couiplete 
knowledge of the nu t liauical energy of a particular fluid, we 
have enough of data for determining for every state its thermal 
capacity in constant volume. From equation (9) we infer, that 
with, besides, a knowledge of the pressure for all volumes and a 
particular t<;niperature, or fur all volumes and a particular series 
of temperatures, we have enough to determine completely the 
pressure, and consequently also, according to equaLion (11), to 
determine tlie two thermal capacities, for all states of the fluid. 
92. For example, let these equations be applied to the case of 

a fittid subject to the gaseous laws. If we use for ^ its value 

derived from (9), in equation (10), we find 

P«=^^(l + E^}+x(t^)e^'^. . . • (12), 

where x(^)s denoting an arbitrary function of is used instead 

of '^(v) — We conclude that the same expression for tbe 

mechanical energy holds for any fluid whose pressure is expressed 
by this equation, as for one subject to the gaseous laws. Again, 

dc dc 

by using for ^ and their values derived from (9), in equa- 
tion (11), we have 
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The first of these equations shows, that unless Ifayer's hypo* 
thesis be true, there is a differenee in the thennal capaeities in 
oonstsnt Tolame, of the same gas at the same tempmtnres for. 

different densities, proportional in amount to the difference of 
the logarithms of the densities. The second, compsied with the 
first, leads to an ei^ression for the difference between the thennal 
eapaeities of a gas m constant volume, and under oonstsnt pres- 
sor^ agreeing with results arrived at formerly. [Account of 
Camot's Theory, Appendix III.; and Dynamical Theory of 
Heat, § 48.] ' ^ 

93. It may be that more or leas information, regarding expli- 
citly the pressure and thermal capacities of the fluid, may have 
been had as the data for determmin^ the mechanical ener|;y I 
but these converse deductions are still interesting, as showing 
how much information regarding its physical properties is com* 
prehended in a knowledge of the mechanical energy of a fluid 
mass^ and how useful a table of the values of this function for 
different temperntures and volumes, or an empirical function of 
two variablrs expressing it, would be, whatever be thn pxpcri- 
mental data from whicli it is deduced. It i* not i!n])ro])able 
that such a tabic or tinpiriral function, and a similar representa- 
tion of the pressure, may be found to be the most convenient 
expression for results of complete observations on the compres- 
sibility, the law of expansion by heat^ and the thermal capacities 
of a vapour or gas. 

94. The prmciplcs brought forward iu n former communica- 
tion "On a Means of discovering cxperimentuUy, .iic." (whitli is 
now referred to as Part IV. of a series of papers on the Dyna- 
mical Theory of Heat), may be expressed in a more convenient 
aiul iu a somewhat more comprehensive manner than la the 
foriuuhe contained in that paper, by introducing the notations 
and principles which form the subject of the present communi- 
cation. Thus, let / be the temperature, and ii the volume of a 
pound of air flowing gently in a pipe (under very high pressure 
it may be) towards a very narrow passage (a nearly closed stop- 
eoekj for instance), and let p be its pressure. Let t', u\ and jif 
be the corresponding qualities of the air flowing gently through 
a continuation of the pipe, after having passed the rapids'' m 

Pm. Mag. S. 4. No. 62. iSvppL Vol. 9. 2 M 



Digitized by Google 



tS0O Prof, Thomson am ihe Dymmitml Tkmry ofBrni. 

and near the naxroir ^Mge. Let Q be tbe qfoaatifcy beat 
(wbidi, according to cneimiBtances, may be positive, mo^ or 
Jiegative) emitted by a pound of air doling its wbole passage 
from ibe former locality tbrougb the narrow passage to the 
latter; and let S denote the mechanical value of the sound 
emitted from the ''npida/' The only other external mechanical 
^teet besides these two produced by the air, istheexeess (which, 
according to circumstances^ may be negattve, sen), or pontife) 
€f the work done by the air in pressing out through the second 
psrt of the pipe above that spent in pressing it in through tiie 
fifst \ the amount of which, for each pound of air that passes, is 
rfeourseyti'— iw. Hence the whole mechanical value of the 
iAets prodnoea eitenially by eacb pound of the aur from its oim 
lueoksnical cnefgy is 

JQ+8+/>V-|w (16). 

Hence if ^(r, /) denote the value of e expressed as a function of 
the independent variables v and /, so that </>(w, /) may express 
the mechanical cnerp^y of a pound of air before, and r) the 
mechanical energy ui a pound oi aii' ailcr passing the rapidi>, we 
have 

95. If the circumstances l)e arranged (as in always })0.isible) 
80 as to prevent the air from experiencing either gam or loss of 
heat by conduction through the pipe and stopcock, we shall have 
Q=0; and if (as is perhaps also possible) only a mechanically 
inappreciable amount of sound be allowed to escape we may 
take iSssO« Then the preceding equation becomes 

♦(•i',<')«^(ii,l)~(j/ii'-jw) . . . (17). 
If by experimenting in sach circumstanees it be ftraud that t 
doea not diiEer aenaibly from /j Mayer^ hypotbeais is ?enfiedfor 
air at the temperature i\ and as j/v would then be equsl to 
acoording to Boyle and Mariotte's law, we should bate 

<l>(yf,t)=^<t>{u,i), 

which is, in fact, the expression of Mayer's hypothesis, in terms 
of the notation for mechanical energy introduced in this paj)cr. 
If, on the other hand, /' be found to dificr from /*, let' values of 

* If the values of ^ I have uBed formeirly he coirect, f would be kM 

than t for all cases in which / is lower than about 30' Cent. ; but, on tb« 
contrary, if / be considenihK iihovc 30'' Cent., vvoiiiil bi' louiiJ to t xceeJ/'. 
(See ' Account of Caruot's Tiieory/ Appendix II.) it may be shown, that 
iftfcMf are eooeel, air at the traiperatate 0* ftieed up i^ 
tta al^o«|)hcrei towardt a small orifice, sad expandiag through it to the 
Slniosphenc pressure, would go down in temperature by about 4**'4 ; but 
tint if it had the temperature of 100° in approachin{> the orifice, it would 
Tetre at a temperature about 5®'2 higher, provided tliat in each cam tbeitr 
it uo appreciable expenditure of mechauictd ener^ on sound. 
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Py f/, t, and be obaarVed in various f vperiments of this kind, 
and, the known laws ci density of air, let u and vf be cal- 
eolated, W« tb«i havBy by in applMttioii of (18) to the resnlti 
of each experiment, an equation juiowmg the di£^nce betwoaq 
^ mechanical energiaa m a pound of air in two partieHlar ape* 
aifled atates as to temperatm and denaity* AH tlw paitimiw 
aqwitioiia thus obtained may be used towards formiiig, or for 
oorrootittf^, a table of tho vaJnea of the mechanioal cnorgy of u 
mass of air at nurious temperatvrea and densities. 

If, according to the plan propoaed in my fomier oonimii^ 
nkation (§ 72), tho air on leaving tho navrow paaiage 1m mtdo 
to paaa throngh a apinl pipe immersed in water in m eabrimo. 
tiioal apparftoa, ana be so broogbt baok exactly to the primitiva 
tempeiature t, we should have, according to wvle^s and Ma« 
notte'a law, jewsO; and if II denote the value of Q in thia 
particular case (or the quantity of heat measured by means of 
tko eabiimetrie apparatus), tho gmeral oqn^n (16) toikea tho 
fonn 

^(ii',r)a^(ii,f)-(JH+S) , • • • (18)* 

If in thia we neglect as probably insensible, and if wo anbsti* 
tote for ^{u, t) and ^(u', i) expressions deduced from (9), we find 

which agrees exactly with the expression obtained by a aynthe* 
tical process, founded on the same prmciples, iu luy former com- 
monicatioa 76). 



LXXIY. On tlic Electro-slalical Capacity of a Ley den Phial and 
of a Teleyrajjh Wire i/isuiaied in the aans of a cylijidrical Con* 
ducting Sheath, By Professor W. THUMiuN*. 

TH£ principles brought forward in the preceding articles On 
the Uniform Motion of Heat, &c., enable us with great ease 
to investigate the capaeity f of a Leyden phial with either air, 

* Commiiiiieiitod as an Additionsl Note to two papers " On the Umform 
Motion of Heat in Hoinoj^eneous Soli4 Bodies, and its connexion with th6 

Matl:emfitiffll Tlipon' of Electricity," and *' On the Mathcmatirnl Theory 
of ElLrtncity iu Jlquihhrinm ;" only not in time to he appended to the 
repnnU of uiose papers which appeared in the Philosophical Magaxiii«, 
fii. p. J«nel854. nd T^. viii. p. 42, July 18M^ 
t Denned (Phil. Mag. June 1853) fbr any conduetor (subject or not to 
the inilnence of other oonductors), aa Uie qnaatiljr oC alaelnaily whieh it 
tato to afaevvi it to wit potntial. 

2M2 
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or any liquid or solid dielectric, and of other analogous arrange- 
ments^ such as the copper wires in gutta-percha tubes under water, 
with which FaiBday has recently performed soeh remarkable es« 
periments*. 

Thus, for a Leyden phial ; let us suppose a portion S of the 
surface of a conductor A to be everywhere so near the surface of 
a conductor A', that the distance between them at any point is 
a small fraction of the radii of curvature of each surface in the 
neighbourhood; and let z be the distance between them at a 
particular position, P. Then, bv the analogy with heat, it is 
clear that if the two surfaces be kept at different electrical poten* 
tials, y and V, the potentials at equidistant points in any hne 
•crow from one to the other will be in arithmetical progretaoo. 
V— V 

Heiicc — J — will be the rate of variation of the potential per- 
pendicularly across in the position P. If, in the first plaoe^ 
the dielectric be air, the dectric force in the air between the two 

V— V 

ftbout the position P will consequently be , and therefore 

the electrical density (according to the theorem proved in the 

I V— V' 

first article) on one surface must be + ;r~ — , and on the 
other . The quantity of electricity in the position 

\ V— V 

P, on an area ds of the surface S, is therefore — r — ds, and 
therefore the whole quantity on S is 

4^ J z* 

which is Green's general expression for the electrification of 
either coating of a Leyden phial. If the thickness of the dielec- 
tric be constant and equal to r, it becomes 

V-V'S 
4w t' 

Now if A' be uninsulated, we have ¥'=0; and then, to charge 

g 

S to the potential it takes the quantity V x Hence the 

capacity ''of Sis *S 

4jrr 

If instead of air there be a solid or liquid dielectric of indnctiTC 
capacity, occupying the apaee betweei\ the two surfiices^ the 

* Dttcnoed in a lecture at the Roval Institution, Jan. 2(), 1854, and 
salwequeiitly published in tol.Tii, p. of the Pbilotoplucai Msgwiae* 
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quantity of heat conducted across^ in the analogous thermal cir- 
oomstanoea, would be k times as great aa in the case oorre^nd* 
ing to the air dielectric, with the same difference of tempera* 
tures ; and in the actual electrical arrangement, the quantity of 
electricity on each of the conducting surfaces would oe k tunes 
as great as with air for dielectric and the same difference of 
potentials* The expression for the capacity of an actual Leyden 
phial is therefore 

JS 

k being the inductive capacity of the solid non-conductor of 
which It IS fonucd, t its thicknesis, and^S the area of it which is 
coated on each side. 

To investigate the capacity of a copper wire in the circum- 
stances experimented on hy Faraday, let us tirst consider the 
analogous circumstances regaidmg tlic euiiduction of heat ; that 
is, let us consider tlie conduction of heat that would take place 
across the gutta-percha, if the copper wire in its interior were 
kept continually at a temperature a little above that of the water 
which surrounds it. Here the quantity of heat llowing outwards 
from any length of the copper wire, the quantities flowing across 
different surfaces surrounding it in the gutta-percha, and thequan- 
tity flowing into the water from the same length of gutta-percha 
tube, in the same time, must be ecjual. But the areas of tiie 
same length of different cylindrical suifaces are proportional to 
their radii, and therefore the lluw of heat across equal areas of 
different cylindrical surfaces in the gutta-])ercha, coaxial with 
the wire, must be inversely as their radii. Ik nee, in the corre- 
sponding electrical piublcm, with air as the dielectric instead of 
gutta-percha, if 11 denote the resultant electrical force at any 
point P in the air between an insulated, ck'ctrifled, intinitely 
long cylindrical conductor, and an uninsulated, coaxial, hollow 
cylindrical conductor surrounding it, and if a: be the distance of 
P from the axis, we have 

where A denotes a constant. But if be the potential at P; by 
the definition of *^ potential " we have 

5^— R. 



Hc&ee 

<fo _ A 

ud, by int^gntioni 

l^as «— Alogar + C. 
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Ai^^ifig the MMliBteA sDd C 8o Ail Ai yditiil my have 
tbe v»l«e y ai tl» iwfc— ol tke wire, and may Taaiah at the 
hollow conducting awbee round it^ il r audi / de&ota the fadii 
if thaia iyfindafa laupcatiid^y wa 



and _ * _V_ 1 

Takiiig x=r, we find this the ckctiic force in the air infi- 
nitely near the inner electniied condoctor; and di?idine the ?aliie 
Cmum, faj 4at (aecocdiiii^ to the goMial iheorem)| we have 

1 y 

for the deetikal denaitT ok the nn&ce of the oondiictor. Mill- 
^ipljing thia faj 2«r/, ue aiea ef a length / of the snifaoey we 
find 

for the whde quantity of electricity on that length. Hence, if 
k be the spedlte inductire capacity of gntta-percha, the electri- 
city resting OQ a length / of the wue in the actual dfenniatatMai 
will amount to 

1 kl „ 

■J— 
h)g- 

Or if S denote the suriaec of the wire, we have, for the quantity 
of electricity which it hold^s, 

V* — pi 

47rrlog— 

and therefore its- capacity is ^e sAme as that of a Ley den phial 

I 

with an equal area of coated glass of thickness equal to j^rlog^, 

if I denote the specific inductive cajjac ty of tlic glass. In the 
case experimented on by ^Ir. Faraday, tlic diameter of the wire 
was Y^^th of an inch, and Uie eaLtu:u>i: diameter oi the gutta- 
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pmha covering waf aboat four times as great. Item the 
Ihiokmis oi the iqiuvikiit Leyden phial muit have been 

Ai the surface of the wir<' ainouuted to 8300 square feet, we 
Tiiny infer that if the LMitta-pt rclui had only the same (and it 
probably has a little greater! iiulnctive rapacity fts g]m?*, the in- 
sulated wire, when the outer surface of the pitta-perch a was 
uninsulated, would have had an 'clcctru al capacity equal to that 
bf an ordinary Leyden battery of b^UU square ieet of C0ate4 
glass y'^rd of an iocU tliick. 

Inverclog, Amn^ 
June im. 
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ROYAL SOCIBTY. 

[Continiied tnm p, 474.] 
Maroh 8, 1855.-^Sir fimjamin Biodie, 0«rt, V.P.t in the Chalr» 

THB folknring paper was read : — 
On Cironmstaiioat modifying the Action of CheflUflal AIE« 
Bitf/' 07 f H. Oladstone, Phi).. F.R.8. 

The questioa intended to be eolvad in this oommunioation is*-«^ 
what takes plaee when two binaff eoinpounds AB and CD aie 
brought together under such circumttances that both they them* 
selvc nnd the prnrlncta of their mutual action remain free to react ? 
Do they, according tn n generally received opinio!i, remain unaltered, 
or, 5-hould the affinities 8o preponderate, hprome dimply AH aud 
CB ? Or do A and C, accordniLr to Bcrthoiiet's view, ciivido tliem- 
atlves in certain ])roj)ortion8 hetween B and D, the bind j-r()}iortif)ns 
being determineii not fcolely by the difi'erence of energy in the affiiii. 
liss, bat also by the difference of the quantities of the bodies ? Aud. 
lopposing the latter to be the eeneot viaw. do the amounta o£ AD 
tad CB prodeeed by tha rsa6tiea« ineiease progreisively with the 
relative increese of AB» or do sudden transitions eocnr. tueh as 
Bunsen and Debas have leeenfly observed in certain canes whm tiie 
products were removed at once from the field of action ? 

A reply was sought in the colours produced open mixing different 
salts in aqueous solution. There were not many coloured salts suit- 
able for the purpose, as it generally happens that a ha^^ g-ivcs the 
same colour with whatever acid it is combined, and vice versa ; but 
compound:^ of &eiquioxide of iron were peculiarly adapted to 
ue requirements of the experiment, as some are intensely colouircd 
wUls others are nearly coiuuilessii. 

Thasdvcoautanoes that attended the formation of the blood-red 
tn^hooranide were fot lally azamhied. On mixing known qnan* 
liiiie cf diftieae teie salts wllh hnown qnaatiliss ^ di^^ 
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phoryanides, it was found that the whole of the iron was never con- 
verted into the red salt ; that the amount of it ?o converted depended 
on the nature both of the acid combined witli the ferric oxide, and 
of the base combined with the sulphocyanogen ; and that it mattered 
not how the bases and acids had been combined prcvl iui? to their 
mixture, so long as the same quantities were brought together into 
floltition. The effect of mass was folly tried by mixing equivaleiit 
proportions of ferric salts and sttlphocyanides. and then adding known 
amounts of either one or the other compound. It was found that in 
either case the amount of red salt was increased ; and that when the 
numben of equivalents of the salt added were taken as abedssv, 
and the amounts of red sulpbocyanide produced, as ordinatee, the 
numbers observed in the experiments gave regular curves, though 
not belon[^ir!!]^ to the second order. The cun'e? repre^entinir the 
experiments in wliicli sulpbocyanide of potassium wt\-s mixed with 
ferric nitrate, rhloride, or sulphate, appeared to be the taoie, but 
hydrosulphocvHiue acid gave a different curve. The deepest colour 
was q^iveu \v1k a nitrate of iron was mixed with the sulpbocyanide, 
but even upon the admixture of one equivalent of the former with 
three of the latter, only 0*194 equiv. of the Intensely red forric salt 
was formed, and when 375 equivalents of sulphocyanide of potassium 
had heen added there was stiU a recognizable amount of nitrate of 
iron undecomposed. It was found that the addition of a oolonriesi 
salt not only reduced the colour of a solution of ferric sulphocyanide, 
but also that the reduction increased in a regularly progiceaiYe ratio 
according to the mass of the salt. 

Other ferric salts were likewise examined. The black gallntc 
results precisely analogous to those obtained by means of the sul- 
phocyanide ; the red meconate also conhrmed Berthollet's views, 
but the action of mass was rendered obscure by the formation of 
double or of acid salts ; the red pyromeconate resembled the meco- 
nate ; the red acetate bore similar testimony ; the blue solution of 
the ferric ferrocyanide in oxalic add gave resoUa fiiUy comboratLvc 
of the influence both of the nature and of the mass of every sqIn 
stance present at the same time in the mixture ; tiie purple and the 
red comenamate afforded similar results; while the red bromide 
(not the oxybronude)* though somewhat indistinct in its teatimcny* 
corroborated to a certain extent the preceding observations. 

Experiments were ])erformed with r view to determine what effect 
the ma«? of water might have on the salt^^ operated upon ; its influence 
in reducing tlie colour of the ferric sulpbocyanide was found to be 
very great, but the nntiire of it could not be exactly determined. 
As however it was iniiform in its action iu whatever manner the 
sulpbuc) anidc had been produced, it could not affect the results of 
the preceding experiments. Water did not a^>ear to act in any 
similar manner upon the other ierric salts. 

F^rom the mass of quantitative observatioaa made during the inves* 
tigation* ft was possible to deduce not only the order of affinity of 
the various acids for sesquioxide of iron as compared with potash* 
but alio to asaigE approaomaliTe numbcra. Doubt aoagr itat m 
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position of some terms in the series, but hydfotulpbocyanie acid 
eertaioly bad the least affinity for ferric oxide in comparison ivith 
potas-h : it was represented by unity: the other acids followed in 
the order — nitric, 4; hydrochloric, 5; sulj)hmlr, 7; gallic, 10; 
pyromcconic; meconic; acetic, 20; hydrobromic; comenamic; 
citric, 100; hydroferrocyanic, 170. 

Other coloured gaits were submitted to a more cursory investiga- 
tion, 'i lic ijCtuiet hioiiiide of gukl when treated with an alkaline 
chloride gave a striking instance of the effect of mass in gradually 
omooming a stioDg affinity. The intenaely red iodide of plarinnm 
allbided leeslts which, though somewhat obecurei were not opposed 
in their testimony. So did the liloe sulphate of copper when treated 
with different chlorides. The " manganoso-manganic oxide" dis« 
solves in sulphuric or phosphoric acid of a red, and in other adds oi 
a deep brown colour ; and it was found that hydrochloric acid was 
capable of changing the colour of the sulphate according to its mns?, 
while on the other hand snlphuric or i)h()sj)horic acid altered in like 
manner the tint of the chloride. Somewhat similnr results were ob- 
tained by mean:* of the green chloride and the purple tiuoride of mo- 
lybdenum; and the blue solution that forms when gallic acid is 
bruught in contact with both the o.videii of iron at once, bore testi. 
mony to the same general laws. The peculiar optical character of 
oertain salts of quinine was also taken advantage of for deter« 
mining what ehanges took place among the compounds in solu<* 
lion. The amount of fluorescence exhibited by a solution of acid 
sulphate of quinine was found to be affected by the admixture of a 
chloride, bromide, or iodide according to the nature and the mass of 
the salt added, and the addition of sulphuric, phosphoric, nitnc and 
other acids wn«5 found to produce n flnore?cence in solutions either 
of Jiydrochlorute of quinine, or of sulphate which had been rendered 
non-tiuoietccat by hydrochloric acid. Similar results were obtained 
with quiiiidine ; and somewhat analocTOUS ones with the organic bases 
contaiuecl in horse-chestnut bark, and in tincture of stramonium. 
All experiment is abo narrated showing that the same laws hold 
good in respect to compound ttthen as to salts having metallic 
1iasea» alcohol being employed as the solvent. 

Beside the very diversified substances already mentioned in this 
abstract, several others, toch as lead, mercoiy, zinc, potash, soda« 
baryta, lime, and ammonia, are shown by a more indirect proof to 
enter into compounds which obey the same laws. Hence it is con* 
eluded that what was observed in reference to the ferric salts holds 
good very generally, if not universally. 

The bearing of certain other phaenomena upon the question at 
issue was also examined. The fact that precipitation, when it oc- 
curs, L^ivc.^ rise to a perfect interchange of bases and acids, is equally 
consistent with either Bergmann's or Berthollet's theory ; but not 
so is the fact that two soluble salts cannot be mixed without the 
u e euii e n ce of predpitation, if one of the products that may be formed 
ia an insoluble salt. Tlie only recorded exception to this law, which 
oecoiB with oxalate of iron in the presence of a salt of yttria, under 
pmliar dvenipilaiices, was found on cloBe anamination to be ia 
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perfect accordance with the principles laid down by Berthollet. 
Besides the argument founded on this uzuTcrsal fact, several expe- 
riiiieiitii were devii»ed lut tut purpose of proving tiiat tlie complete 
precipitation of an insoluble salt on the mixing of two solabk salts, 
WM due to the insdoUt eomfKmndbctof icmMdat oMeMt «l the 
field of aeticm on the first distrilmtiim of tlie skmiim, time amt* 
sitfttug a rcdivieion, and eo on nntil no more of it could poesiUy be 
fonaid. The phanomena attending volatiliintion have the same 
bearing a- tliasf connected T^ ith precipitation. If by the mutu?U 
action of tu u gait- a «ub«stance he formed, which, though soluble in 
water, requires more \\ atcr for ita solution than is present, it crystal" 
lizeR out : certain exjj. riments were nolcd where this action occurs. 



viflWi as have been sapported by the preceding obeemtione. The 
bettring of the ph»nomenon of difiasion of salts upon the point «l 
iasno was also eaamtnedi Meleguti's eipefiaients wan disoossedt 

and they, as well as some obsemtions on the solatum of ^rtain 
bodies fay others Mt at liberty, were ibuad to beer teetimooy alto in 

the same direction. 

Durinti: tho whole of the experiments on this subject, most of 
which were performed qiirtntitatively, no unequivocal inj^taiice oc- 
curred of two substances iiuvingao strong an affinity fur one another, 
that they combined to the exclusion of other bodies of like kind pre« 
sent in the same mAnldoa, After showing that soma repated amp* 
tione are reelly not oapeble of being proved to be to, and after sog* 
gestug some probable limitations of the action of the general law* 
the paper oondudns with the following dednctions 

I. lliat where two or more buiary compounds arc mixed under 
!»uch circumstances that all the reonltine^ compounds are free to act 
and react, each clectro-positi \ e cle ment enters into combination 
with each electro-negative elemcat iii certain constant propoi tions. 

II. That these proportions arc independent of the manucr iii 
which the different elements were primarily arranged. 

UI. I'hat these proportions are not merely the resultant of the 
firioos strengths of affinity of the lereril tnbetaneee for each other* 
bnt are dependent also on the mam <tf eaeh of the enbetpncee pro* 
sent in the miatore. 

IV. That an alteration in the mass of any one of the binary com- 
pound?? ])resent alters the amount of every one of the other binary 
compounds, and that iu a regular progressive ratio; sudden transi- 
tions only occurring where a subi>taiice is present which is capable 
of combining with another in more than one proportion. 

V. That this equilibrinm of eAnitiet amngee itmlf in most caiea 
la an inappreciably short space of time, but tlmt in oertein inslenoea 
the elements do not attain their final state of eombination for honre* 

VI. That totally di6ferent pbsanomena present themselves wbera 
piacipitation, volatilization, crystallization, and perhaps other actiona 
occur, «imply becnupe one of the snh^tences i« thus removed from 

the held uf aetion, and the equilibrium that was first established ia 

thus destroyed. 

. VII. That consequently there i» a fundamental error in aU 
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attempts to detennine the relative Btrenj^h of affinity by predpita« 
tMa, — in all methods of quantitative annlysis fotinded on the ccjlour 
of a Bolutiun in which colourless salts are ulso present, — and id all 
conclusion! as to what wubstances exist in r solution, drawn from 
•uch empirical miaa &», that *' the struxigufiL acid coiubiueu witii the 
•trongeat base." 

Maieh 15, li(5d.— The Lord Wrotteaky, Preaident, in the Chair. 

Hie foUowlog communications were read : — 

"Researches on Organo- metallic Bodies." By E. Frankland, 
Ph D., F.R.S., Professor of Chemistry in Owena Collegc» Man* 
Chester. Second Memoir. — Zinccthylo. 

This compound, whose existence was mentioned in a previous 
memoir'*', is formed by the action of zinc ujioii iodidc of ethyle, or a 
mixture of iodide of ethyle and anhydrous ether, at a temperature ex- 
eceding 100^ The maleriali m cndoaed in ft copper digester 
wpeble of reaiating great pr«iaure« When purified by rectifioatiBo 
in an atmoaphere of carbonic add, zbcethyle possessea the foUomg 
properties : — At ordinary temperatures it ia a colourleaa, transparent 
and mobile liquid, refracting light strongly and possessing a peculiar 
odour, rather pleasant than otherwise, and therefore differing greatly 
from that of zincmethyle. Its specific gravity is T 182 at 18* C. 
Exposed to a cold of —2^® C. it exhibits no tendency to become 
solid. Zincethyle boils at 118° C, and distils unchanged. The spe- 
cific gravity of its vapour is 4*251. Several analyses of zincethyle 
prove ita formula to be 

C* H» Zn. 

The TapoiiTTolome of zincethyle is highly remarkable, e&d alinoat 
CDOij^ 118 to eoDcLttde that the vapour Tnhime of the doable atom 
of amo ia only equal to that of oxygen, inatead of eorreaponding 
with the volume of hydrogen, in accordance with the generally re-» 
oeived supposition. Zincethyle, therefore, appears to belong to the 
Bo-rnllcd water type, and to con^i^t of two volume!* of ethyle and one 
volume of zinc vapour; the three volumes being condensed to two: 
for it we were to assume that an equivalent of zinc occupies the 
same vafiour volume us an equivalent of hydrogen, we should then 
have the anomaly of tlie combination of equal volumes of two radi- 
cab being attended bv condenaatioD. 

Although sincetbyie ia remarkable for the inteaae energy of its 
affinities, which place it nearly the head of liat of ^leotro* 
poaidve bodies, yet it doea not appear to be capable of Ibnniag any 
true compounds with electro-negative elements, its reactions being 
all double decompositions in which the constituents of the zincethyle 
separate. Zincethyle is spontaneously inflammable in atmosi)heric 
air or oxycfen ; but when a few drops, diluted with ether to prevent 
intiaiumation, are passed into a mercurial eudiometer containing dry 
atmospheric air, a rapid absorption of oxygen takes place, with the 
formatiDn of a white amorphous solid corapoeed of zinc, ediyle, and 

* Fhilcwophlcal TkansaoiioBi, 1052, p. 436. 
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oxygen. This reaction, which is also common to yincmcthyle and 
zincamyle, led me to suppose that, like cacodyle, these bodits com- 
bined directly with oxygen ; but the results of a closer study of the 
action of oxygen upon zincethyle prove that no such compound is 
formed ; the white body being ethylate of zinc, and coatttning no 
mrgano-metaUic compound, in the atrict sense of the tein. The 
action of oxygen upon zincethyle ts expiessed in the following equa- 
tion:— C^H^jTnl 

^^^°|=:C*H^OZnO. 

The ethylate of zinc thus produced i& decomposed by water into 
hydiated oxide of zinc and alcohol — 

ZnOC*H*0"| _ /CMlU)HO 

2H O] ^ I Zn O HO. 

Zincethyle is acted upon with great cut r?y by iodine ; when the 
violence of the reaction is moderated, by tlie ajjplication of intense 
cold and the intervention of ether, the sole products are iodide of 
zinc and iodide of ethyle-^ 

I.I / - 1 Znl. 
Bromine acts with explosive violence on zincethyle, but the action 
may be moderated by adding the bromine tu the form ui dillu^ed 
vapour and cooling to 0^ C. The sole pioducts of the reaction are 
then bromide of ethyle and bromide of zinc — 

Br, Br / ~ \ Zn Br. 

Zincethyle burns with a lurid flame spontaneously in chlorine gas; 
the ziiic and hydrogen are converted into chlorides, whilst carbon is 
deposited in the form of soot. I have not studied the products of a 
more moderate action* as it is difficult to bring (1m materials toge* 
ther without too great an elevation of temperature. There can be 
no doubt» however, that the moderated action of chlorine would be 
analogous to that of bromine or iodine, and that the [oodueta would 
be chloride of ethyle and chloride of zinc- 
ed H» Zn 1 _ f C« H* CI 
C1,C1/~X ZnCl. 

CarefuUy dried flowers of sulphur have only a slight action upon 
ai^etheresl solution of zincethyle, but the application of a gentle 
heat suffices to produce a brisk reaction ; the sulphur gradually dis- 
appears, a white flocculent precipitate is formed, and a strong odoar 
of pidphidc of ethyle developed. chief product of this reaction 

is t he double R\i1j)hide of ethyle and zinc (mercaptide of zinc)^ wbirb 
is produced as follows : — 

^'^^'|''}=sC«H»8^.ZnS. 

A little free sulphide of ethyle is also formed—- 

H* Zn 1 _ rC*H»S 
S,S ZnS. 
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Finally, zincethyle iB decomiK>6ed by water into oxide of zinc and 
hydride of etbyle — 

C*H»Zn\ _ /C*H»H 
HO /""I ZnO. 

It is also similarly acted upon by the hydrated acids and by the hy- 
drogrcn compounds of chlorine, bromine, iodine, fluorine and sulphur. 

I'he bcliaviour of zinccthyle in contact with the electi o-npfrutive 
elements is highly remarkable, and cannot fail to have an important 
iiiiiiiunce upua our views of the condition of bodies at the moment of 
chemical change, — a subject so ably discussed by Brodic*, whose in- 
genious views I consider to receive a new support in these reactions 
of lineetbyle, by the nngular wa^ in which ethyle, a body low down 
in the eketro-poeittve aeries, mutes with oxygen, chlorine, &e., in 
the presence of a large excess of the intensely electro-positiTe zinc- 
etfijle. This behanour also strikingly confirms the suggestions I 
Tcntnred to make in my former memoirf* relative to the moleculo- 
symmetrical form of organo- metallic compounds. In the inorganic 
combinations of zinc, this metal unites with one atom only of other 
element?' ; n ver)' unstable peroxide, riot liitlierto isolated, being the 
only exception. The atom of zinc ap]H ar-, therefore, to have only 
one point of attraction, and hence, not\\ ith-tnnding the intense 
affinities of its compound with etiiyle, any union \\\t\\ a second body 
la necessarily atten:Ied by the expulsion of the cthyle. 

" Note on the Magnetic Medium." By Prof. A. W. Wiiliuni?on. 

iu a luttcr to Mr. Faraday recently published in the Phiioiuphlt al 
Magazine, Ur. Tyndall brings forward some important considcra* 
lions on the bubjcct of magnetic philosophy. 

It has been known for some time that the phsenomena of dia- 
magnetism may be produced aftificially in hodies which are usually 
conatdered magnetic. For this purpose it is only necessary to 
plunge the magnetic body into a yielding medium more magnetic 
than itself* When thus exposed to the action of a magnet it recdlea 
from the poles» because the volume of the medium which it dis* 
places is more powerfully attracted. 

Hi is fact naturally suggested the idea, that all repulsion by the 
magnet might be owing to the attraction exercised on the medium 
being stronger than that on the body repelled ; — just iis balloons are 
driven upwards by the ;^iij)(.rior weight of the displaced vuhime of 
air. And as phacnomeuii oi diimiagnetism arc observed in a s»o-callcd 
▼acuum, it was thought that some "magnetic medium" might be 
picsent there. 

1 do not purpose on this occasion to enter upon the general 
question of the evidence which may be adduced for or againat this 
important conclusion ; for it could only be proved satisfactorily by 
considerations including phamomena of the most varied kind, such 
ss electricity, light, chemical action, &c., to which it must neces- 
sarily apply. But it might be disproved by any one weU-underatood 
fact contradictory to it. 

Now it appears to me, that the facts adduced by Dr. Tyndall are 

• yhftos^iCTl TiaaMCtteaii 1960, p. 789. f 1^ P» ^ 
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Dot inconaistent with the notion of a magnetic medium, but follow 
natundly from it ; and that Ids argiUDent m¥olTet a tacit anumptiQa 
foreign to the theory under oonsidentkm. 

The first fact adduced it, that compretnon mereases die attEBdion 
of nagnetie bodies, and the repiUuoii of dianagnetie bodies by tiie 
magnet, in the direction o£ the liQe of compiaMinp. Now it la etideat^ 
that a variation of preuure on a number of particle^ •nnooiided 
by a magnetic medium may alter the attraction of the mass by a 
mngnct in two ways; — firs-t, by altering- the densi^of the matter*; 
secondly, by altering the density of the medium. 

In a cubical mass of carbonate of iron the mRterial pnrticlea are 
more magnetic than the medium which they di<|)l:icc, and tiie foroe 
with which it \a attracted proportional to thi^ cxct:::;. 

If it becomes more magnetic by compression, we must conclude 
(hat the lost of magnetic mfldium firom U$ mterwtms ii move than 
supplied by the magnetic matter wmch takes its place* 

Carbonate of lime is less magnetic than the quantity of w^ipm 
which its particles displace* and when these particles ars hnmgfat 
<doBer together by pressure, with diminution of the intervening spacet 
occupied by the medium, the mass becomes more diamagnetic, be- 
cause a certain quantity of the magnetic medium is thus replaced by 
the less magnetic matter. 

Dr. TyndttU seeni-^ to have assumed, that on the compression 
of an HETgregate of j cir tides of adiaipagnetic substance, the medium 
is nut displaced by tlie particles in their change of po!*ition; — in which 
case, his oondusion, that compresnon must increase the m^pnetic 
ivnetlons of tptfjf sttbstsnoe* would no doubt fcllow {rom tbe iioIIob 
of a magnetic medium. 

The second fact adduced differs chiefly in form from the one Just 
oonsidered. Crystals of carbonate of iron are atliacted most strongly 
by a magnet acting in the direction of the crystallographfe ai^ 
Crystals of carbonate of lime, possessing the ^ame form, are most 
?trongh' repellefl in the direction of the 5ame axis. In thi* direction 
the functions of the matter predominate more over those ot the 
medium than in other directions of the crystal ; so that wiih car- 
bonate of iron, we have the strongest magnetism ; with carbonate of 
lime, the strongest ditimagnetism in this axis. One crystal conststi 
of magnetic medium with strongly magnetic matter; the other con- 
sists A the medium with mattar of very slight magnelie foree. 

Hie crystaliogiaphie axis is in both cfyBtals the direetioa fai 
which the function of matter predominates most strongly ov«r tint 
of the medium ; so that in the iron salt it is the most magiictie, ift 
the lime salt die feeblest magnetic direction in the ciystil. 

March 22. — The I tw d Wrottesley, President, in the Chair* 

The follo^vinr:: communication was read :^ — 

" Further observations on tlic Anatoniy of Mac^illivroy (It Cheie- 
tropis, and allied genera of pelagic Cxasteropada." By John Denis 
Macdonald, Esq., H.N., Assistant-Surgeon H.M.S.V. * Torch.' 

The author states, that in a late voyage from Sydney to KIoretOQ 

• The word " matter" is here used for brevity to denote pomkrmbk malter. 
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Bav, specimens oi Mdcqillivmya, ( 'hclctropis, find a few other E^encrft 
of minute jvelagic Gaatcropudu, appareiiUy uudeacribeti, were daily 
taksQ in the towing-net, and affmided him an opportunity of more 
{mdaely detannlning the mode of ■fttaehment it tho oUiated anui 
whidi m had at fint ptctnmed to be naked branehw* 

In his former paper* itvai ilatedpmore particularly of CAefelrc;|ijr 
Huxleyi, that the gills were of two kinds, viz. *' covered" aid 
** naked;" tlie former, corresponding to tho«e of the pectinibran- 
chiate Gasteropoda gcneraiiy, he has never found to be absent in 
any of the genera; but from further observation of the so-called 
naked gills, while the animals were alive in their native element, he la 
disposed to think that they are chiefly employed for prehcnsioot 
probably ai aazUiary organe of natation. When these oiliated 
appendages are fully extended, the line of cilia is perfiMtly atiaight, 
80 that Uie frilled liorder* noticed in the previous account, turns out 
to be a character depending simply on the partial eontracdon of the 
longitudinal muscular fibres, preparatory to complete retraction of 
the organs. They have no connexion with the mantle, but encircle 
the mouth together with the tentacula and eye?, and coalesce at their 
bases like the segments of a deeply-cleft calyx. In the specimens of 
MacgUHvruya examined Uie arms wert quite transparent, but marked 
at irregular intervals with cross streaks of brownish purple. In the 
extended state they nere scveiml times the length of the shell. and» 
like the arms of a polype, they rolled themsehres up when toiidied» 
and started back into the shell with surprising rapidity. They ap« 
peered also to be exquisitely sensitive, exhibiting short twitohiag 
movements when minnte partielee susfModed in the water eame in 

eontact witli them. 

In the epecimens of Macgiiiivraya now referred to, the respiratory 
siphon confisted of p. process of the mantle converted into a tube by 
the mere appositiuu of itb borders \^ithout organic union; it was 
moreover much shorter than had been usually observed in previous 
examples, and the author thinks that those now nndir eomtdeiation 
may be a variety, if not a distinet species. 

In his former examinations of this tribe of Gasteropoda* tiie 
author had never found more than four arms encircling the head, but 
he has sifice discovered six in a single genus with which he had besA 
long familiar by external characters, in this case the operculige- 
rou9 lobe of the foot is quite cyiiudrical and of i-onie lengtli, bearing 
the peculiar operculum on its truncated extreunLy with the clawed 
process pointing to the left side. The sucker- disc is very small, and 
preaenti en aafeeiier and postenor lobe. The two tentacula bear 
eeieh en ooeilna on the ontsr side near the basOf and tiie oiliated 
arms, in every respeet sa?e number, resemble those of Mae^akvraya 
and its congeners. The clawed operculum is developed ham a 
spiral nucleus situate near the internal thickened border ; it seeme 
to be a wenpon of defence, and is wielded with grent dexterity by 
the little animal, which makes skips and jerks by means of its OOm* 
piex toot, aiter the manner of Nassa or Strombujs. 

The author notices another member of this diminutive tribe which 

* Phil. Msg. p. 207. 
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18 VQTy commonly met with in the South Pacific, and has almost an 
indeiiaite range. Ati rc^aicU both animal and shell, it in many 
points resembles a miniature NoHea, The shell is few-whorled, with 
•mall oompreased spire and ventriooae mouth ; the opereuliim paad- 
tpiial and well-marked with the lines of growth. Tlie loot is not 
nnlike a hiosd and square-toed shoe in fonn^ leoeiTing or beating 
the remainder of the animal and the sheU. The ahoe-npper, as il 
were, presents two rounded lateral lobes which lie over the anterior 
part of the shell, like the mentum of Naiica, The little animal 
creeps on its foot with great raj)i(!ity, appearing rather to slide along 
than progress by a vermicular movement, and by spreadinic out and 
hollowing this orj^an at the surface ot the water, as a fi caiiwater 
Lymusead lonus a boat of its foot, it buoys up its tiny body and is 
cast abroad on tlie face of the ocean. 



LXXVI. IfUeUigenee and MitceUmunmi Artide»» 

CxrEIUMSNTS BKLATING TO £ND08M0SE. BY M. LH£EMlt£. 

» 

THE term endomose has been applied by Dutrochet to the pas* 
sage of one liquid towards another through a septum alFording 
less resistance to the if)a«Hage of one liquid than to that of the other. 

From analogies which were erroneously supposed to exist between 
this phpenomenon and the exj criuient made by Forret. endosmose 
was attributed to electrical actiun. 

^^oisson explained the phenomenon as a result of capilkirity, but 
he did not ascribe to the attraction of solids for liquids any other 
function than that of determining the oecnpation of the numerous 
small chsnnels, of which the septum maybe regarded as oonstitntedp 
by one liquid in preference to another, and of preventing the inter- 
inption of the liquid threads. He r e fer red the ulterior action to die 
mutual attraction of the two liquids, 

Dutrochet attributed, in his later memoirs on this subjeet, much 
to the reciprocal chemical action of the liquids, but he never attempted 
to explain the mode in wliich the membrane acted, always being 
incUned towards the electrical theory. 

Mr. Graham has recently been led to the conclusion, that the 
alteration of the septum appears to be a condition indispensable for 
the manifetstuliuii ul llie osmotic force. Acconiing to him, one of 
the surfaces of the membrane is acid, the other basic, and this state 
is connected with the progresuve decomposition of its substance, 

M, Lhermite oonsideia that he has demonstrated, by meeaa of his 
own observations and those of his predecessors, that endosmose is 
not produced by any peculiar force, but that it is a result of affinity 
(chemical action), taking the widest signification of that term, and 
includmg capillary attraction. 

Poisson, who treated the cjucstion a-^ n mnthematicinn, and not 
experimentally, admits that when the movement has once commenced, 
the SLptum ha? no further share in the action ; but if the action 
takes place sokly between the liquid A, which is actually absorbed 



Digrtized by Google 



Intelligence and MuceUaneom Articles. 



546 



bf die MptttiD, and the liquid B, which altimcts it with a force eu- 
perior to that eiemaed between the molecules of A, there is no reason 
why the movement should not take place ss well in one dixeetionas 
the other. 

At the moment when the pores of the septum are charged with 
tfie liquid A, and if the pn??a^e of the liqnid threads A towards the 
liquid B h considered to be more rapid than the passage of B toward? 
the Hquid thread* A, on arcnnnt of the smaller mass of A, it follows 
that when the septum is charged with the Hquid B, the threads will 
be attracted by the mass of A, and the movement will take place in 
a contrary directiun. 

Dutrochet and Mr. Graham have pointed out» in opposition to 
this theory, that the elevation of liquids in eapiUary tubes is Teiy 
slight compared with the height of An columns of liquid supported 
by endoemose ; but these observers do not appear to have taken 
iato account Uie circumstance that, in reality, the height of the 
liquid in ordinary tubes indicates merely the action of the liquid 
upon itself. This is proved by the circumstance, that the liquid 
colnmn is always the same hcir!:ht in tubes of equal diameter, and 
made of any substance that is wetted by the liquid, as if the 
layer of liquid nearest to the surface of the tube were the seat ot the 
action ; whereas the caj)illary force essential in endosmose results 
from the action of the iolid substance on tlie liquid. 

In order that this may produce its greatest effect, the diameter of 
the tubes must not be more than double the distance at which the 
attraction is exercised ; and in ordinary capillary tubes the conditions 
requisite for the production of an appreciable oamotie motion are fur 
from being fulfilled. 

The only weak point of Poisson's theory, so far at least as regards 
Ae porous septum, consists in the disregard of the elective action of 
the solid substance just at the point where its consideration becomes 
necr«?ary. When the surfaces of the se])tum are in contact with two 
liquids which are miscible, one being more strongly attracted by the 
substance of the septum than the other, there would at the moment of 
contact between the liquids be an expulsion of one by the other, and 
a consequent motion which would cease so soon as the liquid was in 
eontsct with the septum thnmgliaiit its entire eitent. 

Porona clay vessels have channels whoae minuteness b evident 
from* tiie slowness with which water passes through them, never* 
Aeless they are inferior to liquids in the osmotic faculty. Here is 
no doubt but that this is owing to the dilierence in the distance 
between the molecules of the latter compared with the mechanical 
or nccidental interstices of the former. Liquids are osmotic agents 

par ej'ccllrnve. 

When two liquids of different densities are placed in a cylindrical 
test tube, and separated by a third liquid of intermediate density 
which dissolves, in appreciable quantity, only one of the other liquids, 
tins one will pass into the other. When, for instance, chloroform is 
aft the bottom, above it a layer of water, and then a layer of iDther, 
the cUoffofbnn layer gradudly increases in volume ; the sether layer 
diainisbea and at last disappears ; whil^the water layer is scarcely 

Pha. Mag. S. 4. No. 62. Svppl Vol. 9. 2 N 
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ftt all altered. Other analogous experiments nugbt be given, andm 
all inetancea the remit may be predicted according to the aolnbilitf 
of the subetances. 

It is true that the increase of pressure, which it ia cnstomajy to 
regard as a character of osmose, is wanting in this experiment. In 
order that this may take place, it is necessary to render the inter- 
mediate layer fixed. For this purpose a porous vessel is saturated 
with the liquid intended to act as sej)tum, ;ind the experiment is 
made as if the porous vessel were the septum, the li(inui which mixes 
most readily with the intermediate liquid being iu jirrfercnce j)laced 
outside, £0 that the pruiLupal osmotic movement may be more ap- 
preciable from the accumulation of liquid in the osmometer. 

When the porous Tcssel is impregnated irith castor oil. filled with 
water and immersed in alcohol, the osmose is towards the water; 
while in a ▼essel not charged with ml, the principal movement it in 
the contrary direction. 

The absorption of a liquid by a tissue is the inverse of the solution 
of a solid by a liquid. Animal membrane, by virtue of the capability 
of absorbing" water and mixinfr it witli other liquid?, is coinpsrable 
witl) liquids themselves ; !»ut with tiie advantaLCf that it may be fixed 
between two liquids without beiri<:;; separated ruiti tii^jjerged, as in tie 
case of li(|uids with which a porous vessel is saturated. 

The direction of the osmotic movement may be predicted equuliy 
well for porous vessels or animal membrane when the rapidity with 
which they are traversed by the respective liquids is known. The 
rapidity of filtration is not always proportionate to the mobility of 
the liquids. Membranes and even porous day vessels are per- 
meated by water more readily than by alcohol, notwithstanding the 
far greater fluidity of the latter. 

M. Lhermite considers that his experiments furnish an evident 
■ demonstration of the error into which Mr. Grulinm has fallen in 
attributing osmotic motion to the chemical decomposition of the 
membrane, and in supposing that the motion always carries the acid 
towards the baee. M. Lhermite has mdeed found that a stflution 
of u^ulic acid, which produces the greatest eflfect, ia a conservative 
agent ; while, on the other hand, with & solution of alkali in alcohol 
and a very dilute aohituin ctf add in water, the base is carried towards 
the add urough dther animal membrane or porous day impregnated 
with castor oil. — Cmptei Jtendiis, No. 25, 1855. 



on the luminous coat ov thb induction 8fark8 op eubm- 
kobff's apparatus, by t. du moncxl. 
When examinmg these sparks in the dark, the author observ«l 
that they are surrounded with a greenish-yellow luminous coat, the 

thickness and form of which varies acconh'n jr to the strength of the 
current, and the nature of the wires fonninij: the j)oles ; when the 
sparks are not very long, however, the luminous coat is almost 
always ot an oval foim. It appears to belong principally to the 
negative pole, and is of a reddish tx>luur on the side of this pole. It 
is remarkably intense, and resembles a flame when the poles afe 
moistened with an esaentisl oil, and its connexion willi the negative 
pole is also then very distinct 
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If the wires of the pole (which should he rather thick) be placed 
about five millimetrea apart, and the intervening space he blown upon 
rather strongly with a bellowa, the greenish- yellow atmoaphere ia 
seen to be drawn towards the opposite side, where it forms a large 
flame of a violet colour. It may also be blown along the wires of 
the pole, and it i? then seen to be furrowed by a number of very 
sinuous, more or 1 white jets of tiru, which are usually disposed 
in strata. The violet light aj)j)ears to be circuuiscribe ! by two 
bundles of violuL rayss, which rise from the points of the poles and 
unite in irregular curves, like those of a flame driven by the wind. 
The tme apvk does not appear to be affected by the current of air. 
— CM^et RmduM, Feb. 5, 1855, p. 313. 



ON COHPLBHSNTARY COLOURS. BY H. MEYER. 

Without going into the consideration of the proposed explana- 
tions of the cMimplementajy colours, I give a few experiments by 
which the observation of these subjective colours is much facilitated, 
reserving a further consideration of these phaenomena, and the con- 
clusions to be drawn from them, for a subsequent memoir. 

If a narrow strip of gray paper be laid upon a coloured ?;iirface. 
this strip appears tinged with the complementary colour of the body 
on which it IS lying. This experiment does not, however, always 
succeed equally well, and is best performed wiih a green surface ; if 
the atrip of paper be white wad a little broader, the complementary 
colour u only obaerved after long watching, or perfaapa not at all. 
The complementary colour may* however, be produced tmmsdSMle^ 
and quite distinetfy, evffi with white atripa of aneh breadth, that, 
without further assistance, they cannot show the complementary 
colour (several inches broad) by laying a leaf of fine, transparent 
writing. paper over the coloured surface and white paper. The white 
birip immediattly a])pears covered with a tolerably uitiformpale tiuge 
of the complementary colour. 

A sheet of coloured paper laid beside one of white paper does not 
allow Liie coaiplementary colour to be observed upon the latter ; and 
it is only when the coloured sheet has been looked at for some time, 
and the eyes are then alternately directed from the coloured anrfaee 
to the white, that the atrip of the latter lying next to the cfdoured 
surftuM is tinged with a somewhat intense complementary colour. 
But if a transparent sheet of writing-paper be laid over the coloured 
and white aurfsoes, the complementary colour immediately makea its 
appearance upon the latter, without any jirevious removal of the eye 
from one surface to the other. If the eye be directed to the margin 
of the white and coloured surfaces, the portion uf the white surface 
lying next to the coloured surface appears mor ; intensely tinged with 
the complementary colour than the parts lying at a greater distance ; 
but if the white surface be examined by muving the eye, so that the 
dificreut parts of the white surface may be represented one after the 
Other upon the same part of the retina, the aorface appears covered 
with a more uniform tint of the complementary oolcnir.*'Po^'i^ea« 
dorff'a AnmUen, vol. xcv. p. 170. 



Digitized by Google 



MB 



INDEX TO VOL. IX; 



ou the existence of an 
electrical, through space, 457. 
JEthyle, action of iodide of, on pioo* 
line, 214; on prpridine, 219; on 

coHidine, 221. 

Airy (G. B.) on the pendulum ex- 
periments lately made ni the iiar- 
Um CoUieiy, for MeerUdninir the 
mcin density of the earth, 309 ; on 
the coTn|>nt!!tion f)f t^ir ctfect (if the 
nf trac'tioii nt nl<juutulIunil^^t■s. .ifM. 

Alum, researches into the uumuiaciure 
of, 413. 

Amylaceons foods, micro-chemical re- 
searches on the digestion of, 459. 

Anderm}n (Dr. T.) on the products 
of the destructive dihtiUatiou of 
animel aubatuusee* H5, 214. 

Ai^t^m (A. J.)^ optieal reieareliea, 

Animal substances, on the products of 
the destructiTe distillation of, 145, 
214. 

Antimony, on a peculiar phsnomenon 
in the electro-deposition of, 73. 

Arithmetical progressions, on the 
formation ofpowcrs from, 59. 

Aateroid, on the diaoorery of a new, 
152. 

Ayrrs (Dr. P. R \ micro-chemical re- 
searches on the digestion of starch 
and amylaceous fooda» 469. 

Bail (J.) on a doubtful point in di- 
matolopy, 36.*?, 

Barlow (the late W. F.) on the respi- 
ratory movemeuts of insects, 22i). 

Bcoquerel (E.) on the magnetic power 
of oxygen, 474. 

Benzole series, on the determination 
of hoiling-j)oints of the, 256 ; re- 
searches ou the, -IS-'i. 

Bertoguini (C.) on phillyrine, 78. 

Binnqr (£.) on the structure of aome 
limestone nodules enclosed in aeama 
of bituminous coal, 235. 

Books, new: — Hopkins on the Atmo- 
apheric Changes which produce 
Rain and Wind, and the Fluctua- 
tions of the Barometer, 64 1 Rieai's 



Treatise on Frictional Electricity, 
150. 

Boole iVrof. O.) on certain proposi- 
tions in nlgebni conneeted with tiie 

theory of probabihties, 165. 
Brachio{)odsi» oo the anatomy of the, 

3y5. 

Brame (C.) on the limit of 

tion of mercur}'. 157. 
Bri(Vj-e J.) on the obhque 

ot ienses, 342. 
Biiue-springs of Worcestershire, on 

the, 27. 

Brooke (G.) on the structure of cer- 
tain microscopic test-nhjcctv. and 
their action on the transmitted 
rays of light, 5G. 

Buff (Prof.) on gahanie cireaita io 
which perchloride of iron entera as 
an element, 139. 

Buuien (H.) on the law of absorption 
of gases, 116, 181. 

Callan (Reir. N. J.) on e new single 
fluid galvanic battery, 260. 

Carmichael (Rev. II ) tm the qimdm- 
ture of surfaces and the rectiticatiou 
of carves, 209. 

Ceylev (A.) on the porism of the in- 
and-circumseribea triangle, 513. 

ChalUs f Prof Wm the eccentricity of 
the moon's orbit, 130; on the 
theory of the moon'a motion, 201, 
370 ; on the ahertation of fight. 

Chapman (Prof.) on the object of 

salt in the sea, 236. 
Chetetropisy on the anatomy of» 297* 

642. 

Chemical affinity', on cimtmstaneea 
modifying the action of, 535. 

Church (A. U.) ou the benzole series, 
266; onaomederiratiTeaof xylole, 
453. 

Climatology, on a donbtftil point in, 

363. 

Coercive force, on the nature of the 

ao-called, 618* 
CoUidine, anaMa of, 148 ; actran of 

iodide of wttiyle on, 221. 



Digitized by Google 



INDEX. 



CoDodkni, on aemitiTe, 398. 
Colours, on oompleiiieDtary, 547* 
Connell (A.) on the new hy^ometer 

or (itfw^point instrument, 143. 
CcH>p«^r (L. J.) on the perihelia and 

nodes of the planets, 47^' 
Grookes (W.) on n more con^ement 

form of applying galUc acid as a 

devetoping agent in pbotognpby, 

225. 

CiystalUne lens, on the optical struc- 
tnre of the, 306. 

Giyita]s» on the adjustment of, for 
measurement with the lefleetive 
jfoniometer, 138. 

Daubreu (M.) on the artiticial pro- 
duction of minends belonging to 
the fiunihr of lilicttes ma nlwiii" 
natei,315. 

Diatomacete, on the dots upon the 
valves of tlie, .HM,3. 

Didereutud traustormation, researches 
on, 391. 

IMtell (H.) on the applicability of 

gelatine paper a medium for 

colouring hght, 155. 
Du Moncel (T.) on the iumiuoiis 

eoet of the induction sparks of 

Rqhmfciiffff's sppaistns, 546. 
JBarth, experiments to determine the 

mean density of the. 309. 
Edingtomte, auuiy!iii» of, 1 7^- 
Fiseiilohr (W.) on the action oi the 

▼iolet tnd uUra^violel invisible 

light, 114. 
Elasticity of solid hodies, on the WMf» 

tbematical theory of the. 305. 
£Iectric induction, on a&socmteil cases 

in, of current and statie eflfects, 161 ; 

on the action of non-conducting 

bodies in, 401. 
£!prtrintv. on r method of incresnig 

certain etfects of induced, 1, 
Klectrosoope, on a new, 27(>. 

Elcctro-ststictl ctpedty of a Leyden 
phial and of a telei^apli wire, on 

the, 531. 

Klliptic motion, on a case of disturbed^ 
51. 

£iidosm<»e, experiments relating to, 
544. 

Euphrosjne, notice of tlie disooveiy 

of the new asteroid, 152. 
E.xcr» merits of man and aniraab, on 

the immediate principles of the, 65. 
Fstfaday (Pirof.) on some points of 



magnetie philosophy, 81 ; on asso^ 
ciated caseSt in electric induction, 
of current and static eiieets» 161 ; 

magnetic remarks, 253. 

Fats, on the composition and pro- 
perties of, 74. 

Felspars of the graxute of the Dublin 
and Wicklovr mountams» on the 
composition of the. 40, rf\\. 

Fel8|}athic rocksj examination of 
some, 354. 

Poncster (J. J.) oft the vine-disease, 
and the pr()|)osed remedies for its 
eradication, 67. 

Frankland (Prof. E.) on orgaoo-me- 
tallic bodies, 539. 

Fusion, on the alteration of volume 
of some substances by, 477- 

GsUnaith (Ber. J. A.) on the com- 
position of the fol^^pjirs of the 
granite of the Dublm and Wicklow 
mountains, 40. 

GhdUc acid as a developing agent in 
photography, on a more conTenient 
form of apj)Iying, 225. 

Galvanic battenr, description of a new 
single duid, 260. 

circuits in which perchloride of 

iron enters as an element, re- 
searches on, 139. 

Gases, on the law of absorption of, 
IHi, 181. 

Gasteropoda, on the anatomy oi pe- 
lagic, 542. 

Gelatine psper, on the apphcability of, 
as a medium for colouring l^t, 

15 5, 

Gladiitoue (Dr. J. Li.j on circumstances 
modify!]^ the action of chemical 
affinity, 636. 

Gold and mercury, on a new cmn- 

pound of, 458. 
Gold iish of Franklin, remarks on the, 
227. 

Gore (G.) on a peculisr ^luenomenoo 
in the electra-depositaon of anti- 
mony. 73. 

Gosse (P. H.) oil the structure, func- 
tions and homology of the mandu- 
catory organs in we Class Rotifera, 
470. 

Greg (R. P.) on British Pectolites, 
248 ; on the crystalline form of 
Icucophane, 510. 

Gniiith (Dr. J. W.) on the dots upon 
the valvea of the Diatomscee, 383. 



Digrtized by Google 



550 



INDEX. 



Gfore (W. R.) on a method of in- 
creasing certain eflRseU of induoed 

electricity, 1 . 
Hamilton (Sir W. R.) on some exten- 

akma of quaternions, 46, 280. 
Hart (R.) on an appeanuMe seen in 

the moon, 238. 

Haughton (Rev. S.) on the chemical 
composition and optical properties 
of the mica of the Dnblin, Wicklow 
and Carlow sranites, 272. 

Heat, on the iteration of volume of 
some substances by, 477 ; on the 
dynamical theory of, $23. 

Headle (Dr. M. F.), analysis of the 
mineral Edingtonite, 17!^ ; on Bri- 
tish Pectoliu's, 248 ; on table spar 
from the Morne Mountains, 452. 

Heiutz (Dr.) on the composition and 
properties of &ts, 74. 

HeniT (T. H.) on a new com^ioimdof 
gold and mercury, 458. 

Herapath fW. B.) on the properties 
of the iiui])hate of iodo-quinine or 
Henpathite, 366. 

Hooker (Dr. J. D.) on the ttructure 
and functions of the rostellwm in 
Lintera ovatOj 64; on tlie struc- 
ture of somehmcstone nudule$,23o. 

Hopkins (T.) On the Atmospheric 
Changes which jiroduce Rain and 
With!, and the PUictuationa of the 
Baxonieier, reviewed, 54. 

Homer (L.) on the geological history 
of the aUuvial land of Egypt, 465. 

Hunt (T. S.), exam i nations of some 
fdspathic rocks, 354 ; on tlie ml* 
neral Wdsonite, 

Huxley (T. H.) ou the anatomy of the 
Brachiopoda» 395. 

Hygrometer, description ct a new» 
143. 

Induction sparks of llulmikorfF's ap- 
paratus, on the lumiuuu^ coat of 
the, 546. 

Insects, on the respiratory movements 

of. 229. 

Integrals, on the theory of de&iite, 
230. 

Intraritnts, on tlie theoiy of, 384. 

Iodo*quininc, on theprcfHNrtiesof the 
sulpnatc of. 'MiCy 

Jago (J. j on oculiLf spectres and struc- 
tures as mutual exponents, 305. 

Jennings (P. M.) on an tnalysis of 
some potash and soda felspars, 51 1 . 



Knox (0. J.) on the existence of sn 
electrical «thcr ^hranirh space, 

457. 

Kopp (H.) on the alteration of the 
Tolume of some substances by heat- 
ing and fusion, 477* 

Lenses, on the oblique abemtiott of^ 

342. 

Leucophaue, on the crystalline form 
of, 610. 

Lhemnte (H.) on some experiments 

relating to cndosmose, 544. 

Ltight, on the action of the violet and 
ultra-violet mvisible, 114; on the 
applicability of gelatine paper as a 
medium for colouring, 155 ; on the 
interference of, near a caustic, 321 ; 
researches on, 32/ ; on the abcmi* 
tion of, 430. 

Limestone nodules enclosed in seams 
of bituminous coal, on the strac- 
ture of some, 235. 

lAstera ovatn, on the stmcture and 
functions of the rostellum in, (»4. 

Lubbock (Sir J. W.) on the beat of 
vapours, 25. 

Lnnnniferous medium, on the possibfe 
density of the, 3(i. 

M. (W. U.) on tlie adjustment of cry- 
stals for measurement with the re- 
flective pronionu'ter, 138. 

MacdoniiM J. T). (m the jiTiritornv of 
the Mdfniliii'riiyHt peia^icu and 
Cheletro^is ILuxleyi^ 21^7, ^42. 

Maeoittiormna, on the aaatomv of, 
297, 642. 

Magnet, on flte nature of tht fnrre 
by which bodies are repelled from 
the poles of a, 3vH7. 

Magnetic force, elementary demon- 
strations of propositions in the 
theory of, 24 1 . 

induction, researches on, 518. 

— medium, ou the existence of a, 

inspect 205, 290,541. 
philosophy, on some pomta of> 

?^1. 253. 

• power of oxygen, on the, 474. 

Magnetism, on the periodical varia- 
tions of terrestrial, 432; on the 
optical properties developed in 
transparent bodies by the action of, 
481. 

M^nus (Prof.) on the elastic forces 
oTvapounof mixturesof twoHqmda, 
44. 



Digitized by Google 



INDEX. 



551 



Mammalia, oo the developmeut ot 

nasciilmr fibre in, 299. 
Unmet (Dr. W.) on tbe immediate 

principles of the oBerementaof man 

and animals, ^5. 
Maur>' (Lieut.) on the disco veiy of a 

new asteroid, 152. 
Melloni (M.) on a new eleetioscope, 

27$. 

Mercury, on tbe limit of ?aporiaation 

of, 157. 

■ and gold, on a new compound 
of, 458. 

Meteorological observiitiona, 54, 79, 

159,239,319, :m, 479. 
Mever (U.) oncomplementaiy colours, 

647. 

Ifica of the Dnbib, Wicklow and 
Carlow granites, chemical comno- 
sition and optical piopertiei of toe, 



o-o 



3f K Toscopio test-objects, Ott tbe ttmc- 

ture of certain, 56. 
Mineralogy, notes on, 40, 179, 248, 

272, m, 382, 452, 510. 
Minerals, on tbe art^eial production 

of, 315. 

Moon, on an appearance seen in the, 
238 ; on tbe tbeoiy of tbe motion 
of the, 201, 370 ; on the eccentri- 
city of the orbit of the, 130. 

Mountains, on the computation of the 
effect of the attraction of, 31)4. 

Muscular contraction, on the physical 
theory, of, 293. 

fibre, on the development of, in 

Mammalia. -299. 

Nile-mud, aTiulvsi s uf, iG9. 

Nitro-sulphoxyioiie acid, on the pre- 
paration of, 455. 

Nitroxylole, on tbe preparatioii of, 
453. 

North rote (A. B.) on the brine-springs 

of Worcestershire, 27. 
Ocular spectres and stmctnres as 

mntnal esqponents, remarks on, 305« 
Optical researches, 327. 
Organo-metallie bodies,rescafdies on, 

S39. 

Ovum o{ the iitickleback, ou the im- 
pregnation itf the, 153. 
Oxygen, on tbe magnetic power of, 

474. 

Pectolites, analysis of British, 248. 
Pendulum experiments, account of 
some, 309. 



Phillyrine, analysis of, 78. 
PiooUne, action of iodide of sthyle 
on, 214. 

Planets, on the penbeliaand nodesof 

the, 472. 

Pliicker (Prof.) on the nature of the 
so-called coercive force, 518. 

Plumb-line, on tbe attraction of tbe 
Himalaya monntains upon lbe> in 

India, 231 . 
Polymaguei, ilescnptiou of the, 425. 
Porism of the in-aud-circumscnbed 

trianide, on tbe, 513. 
Potter (Piof.) on tbe interference of 

light near a caustic, and the plus* 

nomena of the rainbow, 321. 
Pratt (Ven. J. H.) on the attraction 

of the Himalaya mountains upon 

the plumb-line in India, 231. 
ProbabiliU^, on certain propositioni 

in algebra connected witn tbe tbeoir 

of, 165. 

Pyridine, action of iodide of Kthyle 
on, 219. 

Quadrature of surfaces, theorems on 

the. 209. 

Quaternions, on some extensions of, 
46,280. 

Eadebifo (Dr. C. B.) on the physical 
theory of muscular contraction, 

293. 

Rainbow, on tbe phenomena of the, 

321. 

Rankine (W. J. M.) on the general 
btegrals of the equations of tbe 
internal •quilibrium of an elaatic 

s >^id, 301. 

Ransom (Dr. W. II.) on the impreg- 
nation of the ovum in the Stickle- 
back, 153. 

Regnaiilt (V.) on tbe elastic fovcea of 
vapours tn vacuo and in gases, at 
difTi'rent temp^'mtures ; rtkI on the 
tensions of the vapours liimished 
b^ mixed or superposed liquids, 4. 

Retma, on tbe optical anatomy of tiie, 
307. 

Riess's (P. T.) Treatise on Frictional 
Electricity, reviewed. 1 j'^: on the 
action of uon-conductiug bodies in 
electric induction^ 401. 

Botifera, ou tlie structure, functions 
and homology of the manducatory 
nr;^nn:s in the, 470. 

Hoyai institution of Great Britain, 
proceedings of the, 309. 



Digrtized by Google 



553 



INDEX. 



Rovftl Society, proceedingt of the, 
56, 150, 229, §93, 383~459, 535. 
Russell (W. H. L.) on the tiieoiy of 

definite integrals, 
» Salt, oil the object of, in the sea, 236. 

Savory (Dr, W. S.) on the develop- 
ment of mmeakr filnre in M«n- 
malia, 299. 

Schlngintweit (A. IT. and R.) on the 
temperature and density of the 
Meaiterraneau and Red Seas, 396. 

Sea-water, on the temperature and 
dennty of, 396. 

Becchi (A.) on the periodical yariatioili 
of terrestrial magnetism, 432. 

S}M)ttis\\(jude (W.) on the tbeofy of 
mvarumUi, 384. 

Slivdiy on tho digestion 459. 

Steam, on the value of, in the decom- 
position of noutnl bodies* 

235. 

Stickleback, on the impregnation of 
the ovum in the, 153. 

Solphoxylolic adcU on fhe prepara- 
tion of, 455. 

Sunhght, on the mechanictl vnlne of 
a cubic mile of, 36. 

Sylvester (J. J.) on tlifierential trans- 
formation and the rereraion of 
lerieaea, 391. 

Table spar, cxAmination of, 452. 

Thacker (Rev. A.) on a case of dia- 
turbed elliptic motion, 51. 

Thomaon {VmL W.) on the poatible 
density of the luminiferous medium, 
and on the mechanical value of a 
cubic mile of xnulitrlit. '^6 ; elc- 
nieutary demonstrations of proposi- 
tions in the theory of magnetic 
fbrcc^ 241 ; on the magnetic me- 
dium, and on the effseta of com- 



pression, 290 ; on the quantitiei of 
mechanical mergy containe d in • 
fluid in different states as to tOB- 

pcrntim' !iTid density. 5'2.H ; on tlie 
electro stutir 111 capacity ota L<*\(i«n 
phial and of a telegraph wire insu- 
lated in the axii of a csffindrid 
( onducting sheath, 531. 
Tyndall (Dr. J.) on the existcnrf of 
« magnetic medium in space, i*".'' 
on the nature «»f the force by w bicii 
bodies are repelled from the poUi 
ofamaffnct,S37s on the pol jna^ 
ne^426. 

Vapours, on the elastic fofoet of« 4, 

44 ; on tlie heat of, 2o. 
Verdet (M.) on the optiod propeititf 

develo|icd in tnnspafcnt oodMS 

the action of magnettsoif 481. 
Vine-disease, on the, 6/ ; on the pnv 

posed remedies for the eradirttina 

of the, 71. ^ ^ 

Vitreous body, on the opCaeal ilffC' 

ttne of the, 306. 
Wheatatone (C.) on the formation of 

powers from aiitlunetwal pcogfc*" 

sioTiH, 51). 
Williamson (Prof. A. W.) m the 

magnetic medinm, 541. 
Wilson (G.), on the value of steam in 

the decompoaition of ncQtial iattj 

botlies, 23.^. 
Wilson (J.), researches into the ahna 

manufacture, 413. 
Wilsonite, note on, 382. 
Woods (Dr. T.) on aenrntire ooOodioo, 

398. 

Xylidirte. on the preparation of, 453. 
X^loic, ou st)uic derivatives of, 453.^ 
Zucethyle, on the 
539. 



END OF THB NINTH VOLUME. 



PHIKTBD BY TAYLOR AMD PRANC1S» 

nan uok oovbt, ruiar atanr. 



Digrtized by Google 



THE 

m 

LONDON, EDINBUllOH, and DUBLIN 

PHILOSOPHICAL MAGAZINE 

AiND 

JOURNAL OF SCIENCE. 



COMDUCTBD BT 

81ft DAVID BREWSTER, K.H. LL.D. F.ft.S.L. & E. 
RICHARD TAYLOR, F.L.S. G.S. Astr. S. Nat. H. Mosc. &c. 
SIR ROBERT KANE, M.D. M«R.I.A. 
WXLUAM FRANCIS, Ph.D. F.L.S. F.R.A.S. F.C.S. 
JOHN TYNDALL, Ph.D. F.R.S. &c. 



Nec araiiearum saae tcxtui idoo mclior quia ex 8C fila gignunt, nec noster 
vilior quia ex alienis libanius ut ape»." Just. Lipb. PoUt. lib. i. cap. 1. Not. 



VOL. X«— FOURTH SERIES. 
JULY— DECEMBER, 1856. 



LONDON, 

TAYLOR AND fRANCIS, RED LION COURT, FL££T STBSBT^ 
FrnUetM a$ui Pubkshen to the Univermiff cflMukmi 

•OLD WW LonauAir, bbown* obebh, Ava> tovQUAm; uMmvi, mabsbalc. 

amd co.; whittaker and co.; and piper and co., london. 

—by adam and charles black, and thomas clark, 
eoikbuagh; smith and son, Glasgow ; hodges 

AMD SMITH, ODBUNS AKD rUTNAM, 
MBW yoBK. 



Digrtized by Google 



MeditatioDis ett perwrutari oceulti; coBtemphtioutt ett idminurt 

perapkua Admiimtio general quKstionem, quieatio inveatigBtiAiieiiit 

mvestigatia inventiciwiii/* — ^tfif^ de S. Victore, 



— " Cur Spirent venti, cur terra dehiscat, 

Ciir mare turgcscat, pHag^ cur tantus amnror, 
Cnr rrqvnt ohscura Phfflnis tV'inigiue coiulat. 
Quid toties diros cogat liagrare cometas; 
Quid pariat uubes, vt'iiiant cur fiilinina {'Oflo. 
Quo micet ipic Iris, superoi* quiti coucmt orbes 
Tarn vario motu.*' 

/. B. Phm2K ad Mmtmmm. 



> 



Digitized by Google 



CONTENTS OF VOL- X. 

(FOURTH bEitlES.) 



NUMBER LXIIL— JULY 1855. 

Page 

Prof. Poggendorff oo the Induction Apparatus and its Effects. . X 
Mr. R. P. Greg on a new Meteoric Iron from Chili, rontmning 
Native Lead, and on the Full of a masi of Meteoric Iron 

at Coirientes in Soutli America 13 

Prof. Koohla i cli uu t lie Relation of the Tra.n emission of Radiant 

Heat throui^h Crystals to the direction of Transmission .... 16 
The Rev. S. Haughton's Notes on Mineralogy. — ^No. II. On 
tiw Chemical Compoaition of the Granites oif the South-east 

oflrelattd 23 

Dr. A. Kick on Liquid Diffusion 30 

Dr. Heddle's Analysis of Lunnite from Cornwall 3d 

Mr. A. H. Church oa the Spontaneous Decomposition of certain 

Sulpbomethylates , 40 

Proceedingps of the Royal Society 44 

On the Au«sthetic principle of the Lycoperdon pruieus aud cer- 
tain Other Fungi, by Thornton Herapath, Esq 67 

On a strongly Fluorescent Fluid, by Rudolph Bottger 69 

On the Quantitative Determination of Water, by Dr. H. VoU. . 69 

On the Determination of Lime, by Dr. H. Vohl 70 

Meteorological Observatioos for May 1855 71 

Meteorological Observation* made by Mr. Thompson at the 
Garden of the Horticultural Society at Chiswick, near 
London ; by Mr. Veall at Boston ; and by the Rev. C. 
Cloubton at band wick Maose^ Orkney • . . • 72 



NUMBER LXIV.^UGUST. 

Dr. bchuiick on the Formntion of IndlgD-bluc. — Parti 78 

Prof. Stokes on the aiieged i' luorescenceof a solution of Platino- 
cyanide of Potassium 95 

Mr. C. Darwin on the power of Icebergs to make rectilinear, 
unifonnly-direeted Grooves across a submarine Unduktory 
Sor&ce 96 

Prof. Faraday on Electric Gonduction 98 



Digitized by Google 



CONTENTS OT TOL. X. — VOUBTB UBKIW. 



Pag* 

Mr. R* T. Fonter on the Moleonhur Gonttitiitioii of Cmtali. 

(With Two Plate*.) 108 

The Rar. J. A. Gflbraitii on the Felspars oeeninng in the 

Granites of the Dublin and Wicklow Mountains 115 

Mr. R. P. Greg on two doubtful Britiah Species* GhttMe and 

Zeweite 118 

Prof. Pog^endorff on the Induction Apparatus and its £fiects 

{cont ill u cd ) .... .... .. 119 

Proceedings of the Royal Society , 13S 

Oii Sounding Rapid Currents, by W. Sowerby, Esq 150 

On a Fall of Meteoric Stones at Bremeworde in Hanover, by 

M. Wtihler 150 

Meteorological Observations for June 1855 151 

Table 152 



NUMBER LXV.-SEFTBMBBR. 

Prof. Tyndall on the Nature of the Force by which Bodies are 
repelled from the Poles of a Magnet ; to which is prefixed, 
an Account of some Bxpehments on Molecular Influences. 

(With a Plate.) 15S 

Mr. A. ii. Northcote on the Function of Salt in Agriculture. . 173 
Mr. H. F. Baxter's Experimental Inquiry undertaken with the 
view of tiscertaining whether any Force is evolved during 
Muscular Contraction analogous to the Force evolved in the 

Gymnotus and the Torpedo • • 1B9 

Fh>f. Poggendorff on the Induction Appaiatus and its Effects 

icmtehtded) W9 

M. J* M. Gaugain on an Electrical Apparatus which acts the 

part of a Valve 207 

M. I. Soret on the Law of Electro-chemical Equivalents .... 210 
Notices rcKperting New Books : — The Rev. R. Carmicbael's 
Treatise on the Calculus of Oj)eratinn« ; Mr. E. W. Dallas 
on the Elements of Plane Practical Geometry, with Illustra- 
tive Applications ; Mr. I. Todhunter's Treatise on the Diflfer- 
ential Calculus, and the Elements of the Integral Calculus, 
with numerous Examples; and aTreatise ouAnalyUcal Statics, 
with numefous Examples; Mr. J. B. Phear's Elementary 
Mechanics; and Elementary Hydrostatics, with numerous 
Examples ; Mr. B. Smith on Arithmetic and Algebra, in their 

FHnciples and Application 213 

Proceedings of the Royal Society 817 

Royal Institution 226 

On Tabashcer, hy M. (luibourt 2*29 

Note on the Intlamraability of Hydrogen, by M. Baudrimont». 231 

Mut^ oroloLricil Observations for July 1$55 281 

Table 232 



\ 

Digrtized by Google 



CONTENTS OF TOL. JL* — FOU&TU 8£&1£8. ▼ 

r 

NUMBER LXVL^OCTOBBR. 

Pkof. Roie on a new and advantageous Method of prepamg 

Aluminium 233 

Messrs. F. C. Calvert and R. Johnson on Alloys 240 

Mr. J. Bridge on the Application of Photography to Experi- 
ment? on Diffraction 251 

The Ivcv. S. Hau2;hton's Notes on Mineralogy .<»No. 111. On 

SeqjentJincs and Soapstonea , 235 

Mr. W. J. M. Ilankine on Pressures of Saturated Vapours .. 255 
Prof. Tyndall on the Nature of the Force by which Bodies are 
repelled iroiu the Poles of a Magnet ; to which is prefixed, an 
Account of some Experiments on Molecular Influences (eon* 

Mkd), (With Two Plates.) 857 

M. B. Haeflfely's Experiments on some of the Compounds 

of Tm with Arsenic 290 

Prof. ConneU's Improvements on a Dew-point Hygrometer 

lately described by the Author 293 

Notices respecting New Books Dr. Faraday's Experimental 

Researches in Electricity . . • 295 

Proceedings of the Royal Society 300 

Examination of the Green Matter contained in Green Infusoria, 

by the Prince of Salm-Horstmar 309 

On the Red dispersed Light in a Solutiun of Chlorophyll, by 

the Prince of Salm-Horstmar 310 

On the Molecular Constitution of Crystals, by R.T.For8ter,Esq. 310 

Meteorological Observations for August 1855 311 

Table 312 



NUMBER LXVIL— NOVEMBER. 

M. P. Rieas on the Passage of Electric Currents through 
Rarefied Air ^ . . = 313 

Mr. J. D. Dana on the Molecular Constitution of Crystals « . 329 

Mr. J. Thomson on certain curious Motions observable at the 
Surfaces of AVine and other Alcoholic Liquors 330 

Mr. W. J. M. Rankine on Pressures of Saturated Vapours. . . . 334 

Colonel Sabine on the Msgnetic Variation in the Vicinity of the 
Cape of Good Hope 335 

Archdeacon Prntt on the Curvature of the Indian Arc; and the 
great Creological Law, that the various parts of the Solid 
Crust of the Earth are perpetually undergoing a Change of 
Level 340 

Dr. Ayres's Examination of au Orgaulc Matter found in an 
ancient Egyptian Bottle 345 

Ptof. Buff on the Experiment of Leidenfrost 350 



Digrtized by Google 



I 



Vi C0NT£NX8 Olf VOL. X. — FOC&TJl BKIUJM. 

Mr. W. J. M. Rankine on the Hyi)othe8i8 of Molecular Vor- 
tices, or ( Vnthfugal Theory of Klaeticity, tod ita Coimexioii 



with the Theory of Heat 354 

Mr. A. Dick on the Preparation of Aluminium from Kryolite. . 364 
Mr. F. M. Jenniags oa the Potafth and Soda Felspars of the 

Dublin Mountains , 365 

Proreedinc:? of the Koyal Society 366 

ConUibutioiib towarus the Knowledge of Fluorescent iiuiiics, 

by G. Werther 290 

On tlie Acetates d Manganese, Cadmium, and Nickel, by M. 

C.TonHauer 391 

Meteorological Observations for Sq>tenib«T 1655 391 

Table 399 



NUMBBR LXVIII^DECEMBER. 

M. G. Wiedemanu on the IVansmissiou of iieat in Metals . . 393 
Mr. W. J. M. Rankine on the Principle of Isorrhc^ic Axes in 

Statics • 400 

Dr. Penny on the Compositioa and Fhosphoreecenoe of Flate- 

solphate of Potash 401 

Prof. Wel)cr on the Theory of IMamagnetism 407 

Mr. W. J. M. Rankine on the Hypothesis of Molecular Vor* 
tioes, or Centrifugal Theory of Elasticity, audits Connezioa 

with the Theory of Heat (concludrrf) 411 

The Rev. J. A. Gnlljraithon t!ie Felspars occurring in the Gra- 
nites of the Dublin and Wick low l\Iountains 420 

Prot. i'ytidall on Reciprocal Molecular Induction 492 

Dr. Price and Mr. E. C. Nicholson on the supposed Influence 
of the Hot- blast in augmenting the quantity of Phosphorus 

in Pig-iron 493 

Mr. R. P. Oreg on the Lunar Origin of Aerolites ...,...•,« 499 

Mr. H. J. Brooke on a New Ore of Silver 436 

Notices respecting New Books : — Hughes's Reading Lessons^ 
First Book ; The Rev. G. Salmon's Treatise on Conic Sections. 437 

Proceedings of the Royal Society 442 

On the Heat produced by the Influence of the Magnet upon 

Bodies in ^^(>tion, by AI. Leon Foucault , 457 

Metcoroloi^Iciil c )b>crvation8 for October 1855 4'>s 

Table 4bS 

Index 460 



Digrtized by Google 



PLATES. 



I. II. lUustrative of Mr. R. T. Forster's Paper on the Molecular Con- 
ttttntioii of Grystali. 

III. IV. V. Illustrative of Prof. Tyudall's P&iyer on the Nature of the 
Ponoe hy wludi Bodies we lepelled mm the Polci of a Magnet. 



ERRATUM. 

Page 50, Une 6,/w Pster Willi a ^^ IUrlow read William Hsnst 

Barlow. 



t 



Digitized by Google 



Digitized by Google 



THE 

LONDON, EDINBURGH and DUBLIN 

PHILOSOPHICAL MAGAZINE 
JOUKNAL OF SCIENCE. 



[FOURTH SERIES.] 



JULY 



L On the Induction Apparatus and its Effects* 

By J. C. POGOENDUHFF*. 

THE loll owing iDvcstii^^atioii was sugo'e'*t;ed by an examina- 
tion of an induction apparatus constructed by Kuhmkorff 
for the physical cabinet of the University of Berlin. There is 
no doubt that its construction and action are superior to those 
of any other instrument of the kind yet invented, but I feel con- 
vinced it is by no means so pertect as it may yet be made, nor 
have the phjjeuomena which it manifests ever yet been sufficiently 
investigated in any published memoir. On this account the 
present investigation will be divided into two parts; the one will 
devoted to the construction of the apparatus^ the other to its 
effects. 

1. Construction of the Apparatus. 

In its present form the appiuatus consists of no less than six 
parts ; viz. 1, the coil of wire in which induction is develojied, the 
induction coil; 2, the coil which conducts the inducing galvanic 
curreiit, liere called the primary coil; 3, the soft-iron core; 
4, the cuii'eiit breaker; 5, the condenser; and 6, the voltaic 
battery or primary source of electricity ; to which parts, lastly, 
aoine additional apparatus must be added. Each of these six 
dements acto^ more or less^ upon the remaining five ; and the 
ultimate result, the induced cnnent, depends upon a suitable 
distribution and arrangement of all. 

Jnd¥ctum CoiL 

On eiamining this eoil, it appeared to me that hitherto it had 
not been eonstrueted on proper principles. Usually the wire 
fanoB layers which extend, wmiout interruption, from one end 

* From PoggendoriTt Awuikii, vol. xm. p. 2. 

FkO. S« 4. Yol. 10. No. ea. 1855. B 
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of the coil to the other ; the number of these laym is genenUy 
eren, so that the beginDing and end of the wire are at the flame 
extremity of the coil. But it is clear, that in a coil, whose points 
are all exposed to about the same degree of electrical excitation, 

the tension must increase from the middle towards each extre- 
mity. Ilcncc, when the wire i** coiled in the manner alcove 
described, points v/hoso electrieal difference is very ^rcat are 
brought very near one unotln r, and coTiscqtieiitly tlu- springing 
of sparks between tw^o s*ueh f)oints is much I'acilitated, as well as 
the external action of the coil weakened. 

This imperfection appeared susceptible of partial remedy by 
dividinpr t lie length of the coil into seyeral pat ts, and by covering 
each part with wire in the same manner as the whole coil was 
beJbre covered, using, however, an odd instead of au even num- 
ber of layers in order to carry the wire from one part to another, 
and at last to let the ends run out at opposite extremities of the 
coil. 

Further, in order to obtain effects of great tension, it was evi- 
dent that the wire must be well insulated. As far as I kuow, 
whenever a second insulator ha^i been employed, to aid the cover- 
ing of silk generally used and never to be dispensed with, a 8olu« 
tion of sbeU-lac in alcohol has been chosen. But in the present 
CM^ where the wifi^ owing to its gnat lengthy cannot well be 
varaiabed other than lengthwise, auch a method only imperfectlv 
fulfils its purpose, because under such circumstancea the vamisa 
dries extremely slowly, and perhaps never perfectly; so that a 
eertaui degree of oonductibihty, even gitater than that with silk 
•boe, always exists. 

Instead of the alcoholic solution of shell-lac, an easily fusible 
insulator (spermaoeti^ stearic acid, or a mixtme of wax and oil^) 
appeared preferable. In appl^rmg the same, it requires to be 
heated above its mcltiug-pomt in order to prevent its immediate 
solidification when in contact with the cold layers of wire, and 
to allow it to permeate and thoroughly saturate the silk covering. 

Again, in order to obtain a good exterior insulation^ the wire 
was coiled around a glass cylinder, at whose extremities were 
rims of gutta-percha in which the ends of the wire could be well 
fastened; besides this, the whole coil was provided with a thick 
covering of wax ; and lastly, after this had been varnished, two 
strong rin^rs of gutta-percha were affixed^ by means of which the 
whole could rest on a wooden stand. 

According to these principles, 1 have constructed three induc- 
tion coii^ each oi whi«h is 5| inches longt* has an mtcmal dia* 

* Fndlhie would be perhap« still better, as it miKy now \m mtStf |*a* 
eared, ea-^Hv melts, and is, aeoonlmg to Riess, a good iusulatof^ 
t Thniugliout the memour the iaches sad £eet arc Pahsisa. 
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meter of 1| inch, aud an external one of 2 inches. Two of 
theiie contain an extremely thin wire, 0*15 millini. la diameteri 
aud the tiiird a considerabl y tluLkcr one, 0'25 miUim. in dia- 
meter. In each oi the two first the wire is about 10,000 feet 
long, and makes about IG^OOO windings, in ci^ht parts, each of 
which contains 33 layers. The wire of the thii'd coil is about 
d400 feet long, and each of its parts contains 19 layers. For 
certain purposes a fourth coil containing about 1200 feet of the 
thicker wire was constructed ; its diameter was such as to permit 
of its being inserted in one of the primary ooib to be afterwards 
described. 

Although the greatest possible care was taken in the prepara* 
t&on of all these coils^ and although they are^ perhaps^ more 
effective than others of equal dimenuons conatnu&ed aeoording 
to the usoal m^od^ still the desired object is not yet perfectly 
attained ; on the contrary^ the conviction forced itself ufKm me 
that the insulation was far from sniEficient to protect the coil from 
the disturbing effects of internal Bnarks« 

This was particttlarly perceptible in the second of the coils 
formed of fine wire. Immeuately after its constructionj the 
phsnomena of sparks and tension which it exhibited were eztra-i 
ordinary^ indeed wondedul^ but after a quarter of an hour its 
action considerably decreased. This condition remained un- 
changed for months, and for my purposes was satis&ctory 
enoi^, for by employ ing two pairs of Grovels battery I could 
obtain a spark at a distance of almost 12 millims. In aU pro- 
bability this condition would have been permanent had I not 
afterwards had occasion to use four pairs of Grove's battery* 
With thia number I obtained sparks at a distance of 16 millims* 
and upwards, but onlv ibr a few minutes ; afterwards the distance 
decreued considerably, and at length, when two pairs were again 
used, the distance, instead of being 12 millims, as before, was 
only 9*6 millims. 

from this we may conclude, that in order to maintain an 
induction coil in good condition, 'it must not be strained too 
much, — at least wnen the current is broken so as to obtain 
B jMirks in air of ordinaiy density, because in such cases the elec- 
tricity eicited possesses great tension, and strives everywhere to 
break open a path betwera the windings of the wire. Of course 
such a deterioration of the coil need not be feared in etperi- 
ments where the poles of the induction coil are connected by a 
pretty good conductor, for then the tension is either not so groit, 
or is not at all present. In such cases, too, the wire need not 
be BO perfectly insulated. For example, the phenomena of light 
in a partial vacuum are just as good when the wire is tolerably 
weU msnlaled, aa when the bsdatioa ia aa peifect aa possible ; 

B2 
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nor does ati increased length of wire add anything to the bril- 
liancy of the phsenomena as soon as the resistance of the partial 
vacuum is small in comparison to that of the induction wire. 
Without douht the induction coils for ohtaiunig sparks and 
other phsenomena of tension would he more eflfective und durable 
if the thickness of the insulating medium were iDcreased. But 
even if the h nsrth of wire might then be reduced to some extent, 
the coil would have to be large in size in order to produce the 
desired effect;?, the inducing coil would liave to be increased to a 
correspoiidiug extent, and a stronger voltaic battery woidd be re- 
quisite ; in short, the apparatus ^\ould lose much oi lU present 
convenient dimensions lor practical purposes. 

I believe the above-mentioned imperfections might to a great 
extent be remedied, — 1, by not using too thin a wire (for most 
purposes wire of | millim. diameter would, perhaps, be best) ; 
2, by giving the wire a very thick covering of silk ; and 3, hv 
using a liquid instead of a solid insulating medium, such as a fat 
or essential-oil, e. g. rectified oil of turpentine. By this means, 
at least, the gradual deterioration of the coil would be prevented, 
for the openings broken through the silk covering of the wire 
by the sparks would be always stopped up again by the liquid. 

, The number of parts on the coil might be greater than that I 
hftve chosen ; the whole coil might be composed of loose and, 
of course, irell insnkted rings of wire. In one respect this 
womld be advantageous ; the rings when defective could be re- 
placed by new ones, but the apparatus would be therebjr rendered 
very complicated on account of the number of connecting damps 
that would be required. Neither can we expect any partkokr 
advantage from different combinations of these rings of wire^ Ibr 
they are elements of unequal value in consequence of their dif- 
ferent positions with respect to the inducing coil. If it be 
required to change the length and thickness of the wire in order 
to study theur influence upon the ph«nomena» it will be fe»nnd 
more convenient to nrepare complete apparatus of smaller dimen- 
sions (say four similar to that of mv third mduction coil), and 
then to combine tbem as it may be found desirable. 

Lastly, I am inclined to believe that the usual cylindrical form, 
which I have also adopted hitherto, is by no means the most 
advantageous for the induction coil. A solenoid or spindle dkape 
would be better, because the inductsg coil and the soft iron core 
•re most effective in the middle. 1 have not yet had time, bow- 
ever, to try all these tedious changea in the apparatus. 

Primnry CoU. 

I have generally used three inducing coils, all of which were 
eiictly alike. In constraction they dimsr little from the common 
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form, except that they contain two insulated copper wires which 
can be used either singly or combined, side by side or one after 
the other. 

The wire is 1 millim. thick, and each of its halves about 100 
feetlonir. The tube upon which the wire is coiled in four layers 
is of 111 ill-board in two instruments, and of glass in the third, 
and has an internal diameter of 1^ inch. 

In some cases I have also used a fourtli primary coil with wire 
only 0*67 iniUim. in diameter, and nearly 400 feet long; this 
was coiled ou a null-board tube. 

It may be here mentioned, that, under otherwise c(|ual cir- 
cumstances, the inducing action of a current, just as its magnetic 
action^ is a product of its intensity and lenf^th ; hence a short, 
thick wire and great intensity of current may sometimes be ad- 
vantageously replaced by a long, thin wire, and small intensity 
of current*. The last is [)i ( ferable when the action requires to 
be long sustained, because the voltaic battery is less attacked; 
on the other hand, however, the inner induction current, the so- 
called extra current, increases in intensity, and leads to disad- 
vantages, of winch moi'e hereafter. 

Soft Iron Curt* 

Usually this is formed of pretty thick wires, or we may almost 
say, small bars, held together by a common cap, but yet sepa- 
rated from each other by some insulating medium. 

In some cases I have employed such a collection oi bars, but 
oftener I used cores of much thinner wire ; on the one hand, 
because tins thinness nnist tend to increase the action, and on 
the other hand, because I was enabled to construct such cores for 
myself. The wire was only 0'25 miUim. in diameter. It was 
heated to redness, cut into pieces of convenient length, bound in 
ft bundle with silk thread, and lastly, siurounded with a paper 
oovering. 

I found it unnecessary to cover the wires with a varnish^ 
partly because the stratum of protoxide which forms on its sur- 
face, when heated, is comparatively a bad condaetor; partly 
becaoae the irregularity of the spacea between the wires, none of 
which remam straight, ia more than snfieient to d«rtroy the 
pemicioiis oontiniiity in the dhreetion of the periphery of the core. 

If care be taken not to diminish the interstices too much by 
unnecessary tightening, such a soft iron core will be as effisctive 

■ 

* The voltaic battery and the volume of the inducing wire of an induc- 
tion coil being given, the maximum iuductive eftect is obtained ^vheii the 
ro-^ittRncp of the influcing wire is equal to the residual resistance in the 
battery ; the acuon of the extra current, however, is here neglected. Vide 
Poggendorff'f Anmalen, vol. Iv. p. 45. 
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as, or more «o than, one of equal weight prepared \r> ihe most 
careful maniicr by muuua of strinfrs and iniin iduLiliy insulated 
bars. Two of iht cores wliich I prepared an a j ttic longer IL^ 
the induction coil, 6 inches long and 13 ounces in weieht. A 
third is three times as long, i. e. 18 inches. Each ui ihcm cou- 
XAiiiu 4200 wires of the given dimensions. 

1 convinced myself, however, that this number may be dimi- 
nished without injury to the action of the ooil, in which case, of 
ooarsei the primary coil will remain partly unoccupied. In fact, 
I found that a hollow core of the aboye-mentioned wires^ whidi 
contained an empty cylindrical spaoe three-quarters of an inch in 
diameter, and which weighed only half as much as the massiiv 
ones, was juct aa ^ective m the latter. It aarprked me t» 
obaenre thit when a massive bar of aoft iron ma introdaeedinto 
the boUow axis of this core, the aetion of the indoetiaii coil was 
not thereby dimtnidMd; wheieaa the eame soft iron bar ialn^ 
doeed alone^ in abienoe of the hoUow eore» nnmlataheaMy dimi- 
niabed the aeticm whieh the primary coil itself eweiied iqioB 
the induetioQ ooil. This faet is evidently anakgona to one eh* 
served several years ago by Magnus, via* that a maasiva bar ef 
iroQi when introduced into a slit tin tube, weakened but HtCk 
the action of the latter*. 

Practically the soft iron core ia of great vm, theorelieail^ it 
caoies much complication. If it weie dispensed with on this ae* 
counti it would be necessary to jgive the apparatus adiffcieDt Ibm 
inorder not to diminish' its action. It would be necessary to in- 
crease the diameter of the inducing coil, and to anrango the 
induction wire half inside it and half outside it« in ordm tomake 
use of both sides of the inducing wire. The soft iron oon has 
a strengthening influence^ because, by a kind of reflbdon, the 
inner side of the inducing coil is made to act extsnnally. 

• Current'Breaker. 

tw breaking the current I employed- aa usual a Neefs, cr 
rather WagnePs haipmer, of which I posaess two. One m 
the whole, constructed in the usual manner, e. a fixed pin 
descends, and against it, from below, beata aapring tongue mlh 
a small plate &ced to it. According to an improvement inkrs^ 
dueed by Kiesi^ there is a second pin underneath the tongue, in 
order to make use of the downward vibiationa for closuig the 
circuit ; so that the primary current can not ^nily he douUy 
bpken, but also reversedf* These effects can be accomplished 
in my instrument by means of a single galvanic battery in con* 
se^iuenee of the two wires around the prauary coil, the eombina* 

* PoMsndorfr's ^flMclaa* 18S9, voL xhUi. p. 
t IbioTvoL xcl. p. 290. 
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tiona being so arranged that the current must pass alternately 
along the one and iuong the other wire^ in the game or in oppu- 
•ite durectioDa. 

I hm often employed tbe lewmd pin^ and a tbick^ angular* 
•haped im, wktcfa oonld b« amwed lo it and made to preia 
agauiat the tongue in order to dieplece ita fbtamm, to ahorteft 
t£B vifaniting part, and thaa qniokea ita notion. Too qidek a 
motion of the tongue, however, oombined with an amplitude iO 
aatall that the vibntiooa are aearoely perceptible, and the noiae 
atmilar to that' of the homming of a bee, ia prejndieial to the 
aetion of the indoetion wire. 

This instrument alao poaaeaaea a oontfiTanoe, by meana of 
whieh, besides the first conenti a aeoond ean be aunwtineoiialy, 
and at equal interval^ intemiptcd. 

Another instrument waa employed to breali tbeeurrent within 
a liquid. For thia purpose the small electro-magnet was placed 
above the acmatura of the tongue. The tongue carries the pin 
or hammer; the anvil (a thick platinum wire) ia placed in the 
middle of a small glass cylinder which rests on a brass pedest&l. 
The platinum wire is screwed into this pedestal, and around it 
the glasH cylinder is cemented with a layer of sulphnr, wliirh is 
well adapted to this purpose, because, when cold, it resists the 
i;rL'alcst uuuiber of liquids*. In other respert'? this current 
brc<ikcr is C(^nstnic'ted in the usual manner, and, as in tlie lirst 
instrument, the |)firt» which strike agamst one another are of 
platinum, th ui^h lor certain purposes I haYe used liirer and 
other metals mntead of phitinum. 

In most, if not all, induction apparatus the current -breaker 
forms, an iii»epiiiul>le part of the whole; and in some, as in 
iiubiakurlF's, it ii« srt m motion by the same soft iron core which 
incrcasen the action of the inducing current. I preferred not 
only to produce this motion by a small separate electro-magnet, 
aa m Halske^s apparatus, but also to have the current-breaker 
constructed as a separate instrument^ in order to connect it at 
will with other inatraments^ and, if need be, to use it under the 
air-pump« 

NeaTa hammer is, perhaps, the aimpieBt co p triTiaee for pro- 
ducing penodto intemptiona of a galvwiie enrrent; bat for 
ocftain purpoaea, of whi^ I intend to apeak another tkae^ it haa 
Otto imperfotiony— it doea not produee nniftmu interraptiona^ 
the time dnrmg which the eivenit ia brakmi ia longer thm thai 
dmiingwhidi it ta eloaed^ and that becanae the tongne vibntoa 
with its whole length downwards from the pin, and onty with a 
part of ita kngth npwavda* In thia reapeet Neef 'a hnuBflr dif- 

* For ^it Raton I liafo for many jean aied ial^nr ftr eauMutiog the 
phtianm in, Ac aov oas of aqf Qrovira aatlaiy* 



Digitized by Google 



^ Prc^. J. €• Poggeudorfi* on the Induction AppariUMt 

fen from the volaftiiig.eiiiTeDt'bmkcr, where • straight cleetKO> 
magnet oaciHate*! horiiontally on a point hetween the upng^ 
anna of a iImI honeahoe magnet^ and where the ends of the 
cndiding wire dip into two aemidreolar meremy copa^ coup 
neeted with the poka of a galvanic battery, and separated by 
an insulating partition. Here the piuses are of much shorter 
duration thmi the moments of activity of the correnty because 
the former occur only when the ends of the wire pass over the 
partition. The construction of this rotating cnizent-breaker 
might, indeed, be so changed as to make the pauses equal in 
duration to the periods of activity ; but to do so would be to 
vender the instrument more expensive, and as this equality was 
not necessary in the present investigation^ 1 have continued to 
use Neef^s hammer* 

Condenser, 

At first my condenser was rxnctly similar to the one con- 
structed by Kuhmkorflf, probably according: to Fizeaii^s own in- 
structions ; it consisted of a long piece of oiled silk covered ou 
both sides with tinfoil, and folded to and fro in layers so as to 
occupy less space, and to allow only parts of one and the same 
sheet of tin foil to touch each other. Each of these sheets of tin- 
foil was 8 fee t lon^ and 11 inches broad. Soon afterwards a 
second coudenser, about one-fourth the size of the first, viz. 23 
inches long and 11 inches broad, was used; the folded layers 
were sepaiatcd from one another by mill-board in order to pre- 
vent contact between the j jostenor surfaces of the tinioii, whichj if 
prc&tot, would necessarily be prejudicial. 

Afterwards I became acquainted with tlic simplification pro- 
posed by HalskCj wherein the voluminous arrangement in Ruhm- 
korff's apparatus is replaced by a single covered sheet of mica 
not grea£^ than the octavo form. I Inve had an opportunity of 
testing a condenser of this kind and of thia magnitude prepaied 
bjr Pm. Biessy and I thereby convinced myad^ tfaat^ under the 
dFCumstanees under which the test was ap|>lied^ its dfeet was 
very nearly equal to that of the great oiled silk condenser. 

This great superiority of the mica coodenaer, in comnarison 
to its magnitude ia caused by one of the sideaof the coodensbg 
surfaces being in free contact with the air^ and by the two 
surfaces being nearer to one another than was the case with 
oiled silk, which, besides being somewhat thicker than the plate 
of mica, is so bent and folded as to prevent the close pfonmi^ 
of the sheets of tinfoil. 

Mica is an excellent substance for such oondensersy but it 
cannot readily be procured in platea of the requisite sise. This 
caused me to search for subatancca capable of le^adiig it. 
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amber vaniieb, or a sulution of shell-lac in alcohol; thiu wax* 
paper, siicli as may be piocuixd from apothecaries, and covered 
with lac varnish. When rigidity, which these preparations ])03- 
scss only in a small degree^ is not rei^uucd, they are fully capable 
of replacing mica. 

I have prepared many such paper condensers, some containing 
54, others 30 square inches of covered surface. I ha\ c tested 
them singly and in pairs, connecting them in the latter case by 
a strip of tinfoil, and 1 have found that two together arc not 
more efiPective than one, and that even one of the smaller kind 
waa almost as effective as the great condenser of oiled silk. In 
order to discover how far this diminution of tbe condensers 
could be carried without injury to their actions, others were pre- 
pared containing on each side 16, 9, 4, and 1 square inches of 
covered sutIIbm^ some were made of varnished wax-paper, others 
of gutta-percha, and others of oOed silk, upon wbich^ owing to 
their smiul sise, the sheets of tinfoil could be easily and effectu- 
dly fastened by means of shell-lac vamish. To my astonish- 
ment^ I found that all these small condensers, the smallest not ' 
excepted^ were, with respect to the kn^fth of the Mieiwm tpark, 
just as eflfective as the two great ones of oued silk; at least the 
differences were very irregular and very trifling, so that, without 
diffieolty, they coold be ascribed to the changes which the parts 
of the contact-breaker which hammer against one another snfo, 
owing to the sparks which are produced between them. The 
sde Mvantage which the great condensers p o ssesse d over the 
small ones was, that the former produced less noisy sparks thm 
the latter. With the fonner, too, the sparks followea one another 
more quickly when the distance between the poles approached 
the limit at which the sparks can be obtained singly, or even at 
all. On this account, tnerefore, the great condensers are not 
anpeifluoua, nor are they so for other reasons. First, all the 
results mentioned were obtained with a current from one or from 
two pairs of Grove's battenr ; and the comparison of bodi cases 
appeared to indicate, that, by employing a more intense galvanic 
current (to which, however, I intentbmdly would not expose my 
induction coil), the relation between the actions of the difEefent 
condensers woidd change. Secondly, in the induction apraratns, 
the action of the condensers is essentially influenced by tne extra 
ewnrent, i. e. the induction current whicli is produced in the 
circuit of the inducing current itself, when it is broken. 

All that has hitherto been said qi]die8 only to the case where 
this mnsr induction current is comparatively weak, consequently 
to the case where the primary current traverses a comparatively 
short and thick wire. If the former current is strengthened by 
conducting the latter through a kmg and thin wire, without at 
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amongst which were post-paper^ oovmd on both ndes wilh 
the tame time ehanging anything oooneeted with the eoam of 
eleetrieity or theeolt iron cote, the tietion of all email otmdenaen 
eona^erably deereaaea, and that the move the amallfiv they ate^ 
until in the amalleat no action whatever is observable; the great 
eondenaera, howeveri retain their ibree undiminished. I oon- 
vineed myself of thia by ao combining the wirea of the primary 
cml aa to cause the current, instead of travming two wur^ aidie 
by side, to traverse one after the other ; therefore, instead of a 
wire of double section and single length, one of single section 
and double length was empl<^fed. The phsenomenon was still 
more perceptible when the latter wire, which was now 1 millim* 
thick and 200 feet long, was replaced a wire |rda of amillim. 
thick and 400 feet long, without changing anyuing eUe about 
the apparatus. In both cases adiere the primmy cmwU waa 
oomparativeiy weak, and the inner MucHm current compara- 
tively strong, the condenser of 1 square inch surface^ which waa 
before so effective, was now almost without effect. 

Thirdly, the action of condnisors depends essentially upon the 
induction coils on which their inllut iirc is to be exerted. All tlie 
results before mentioned wrn- obtauied u itli a very thin induc- 
tion wire, 10,0()() feet long; when the thicker wire, 2U)0 feet 
long, was employed, the small condensers as:ain manifested a 
vcrv small action, and sometmies none whatever; indeed, the 
two sniallest coiul( ii^( i s appeared not only not to strenj^thcn the 
devcl()[)iiient of spaiks between the j)oles of the inductirin coil, 
but actually to weaken the same. This pha^nomeuon manifested 
itself equally when the galvanic current traversed a short and 
thick^ or a lung and thin Wire. On the contrary, however, the 
two hti -re condensers of oiled silk stdl retained, in both cases, 
their furuiL-r eiicrgcUc acUou ; indeed it was clearly perceptible 
that the condenser 8 feet in length was superior to the one 
2 feet long. 

Hence the stronger the galvanic battay; the longer and more 
eoodncting the ctxeoit of ita enrrent, ana the thicker and man 
moderate the indaction wire ; in short, the more intense aond 
energetic the inner induction or extra corrent is made^ the greater 
the condenser must be in order to obtain an energetie develop- 
ment of sparka between the poles of the apparatna'i'. When the 
eitra current is very intense, it passes through the condenser 
the more easily the amaller ita suilsce,* and nmn the spaika on 
the cniffeiit4neaker, it is easy to see that the actual outer indue* 
tion current haa an inflnenee upon the weakening of the eitra 

* I may also add, tiist the degree of insnlatioB of the indaeCion wire 
a|i|i sa i ad to eiercise aa isdhwDee hinni the action of the condoMcrs flAi 
astHsi spfMsmd to iainessa th^ moie i a ip c i ' l bct ths insalaikn besani& 
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enmnt, for under all circumstances these sparks are smalkr with 
a long thin induction wire than with a short thick one. 

What has here been said of sparks jn iVcc air, is ])tirtiiilly true 
also for the phaenomena of light m a partial \;tcuuui. Under 
otherwise equal circumstances they are not iidly developed 
with smalls as with large condensers. 

Neverthiiieaii it must be here remarked, that in general the 
itteDgChaiiing action of condonam ia leaa pronunait the more 
intenie the induction current itaelf, and ue more perfect or 
eoodaeting the vaeaam. When the eorrent in the indiietum 
wire waa eieited bjr two of Gro^e'a elementa, and the reeeiYer 
ttheiifted to a few iinea of mereiiry preunrcy the great oondenaer 
ilaelf Bcareely exerted any inflncnce upon the light produced \ 
on tiie other hand, however^ this influence immediately mani« 
fested itself when a little air waa introduced, or when the long 
thin indoetioB wire waa replaoed b^ the ahort thick one. 

In all eondenaera, the wirea which connected the same with 
the hammer were alwaya at a ahort diatance from, and on oppo- 
aite sides of, the point of interruption. They can he connected 
with other and more diatant pointa of the circuit, hut by ao doing 
their action ia weaker. 

VoUaic BaiUry, 

On this Bubject I have only to remark, that, owing to the 
small dimensiona of my apparatos, I nerer found it necessary to 
use more than two of Grove's elements, all the phienothena wnich 
X wiahed to atudy being sufficiently developed with that.numbert 

AtUUumal Jpparaiui, 

Aiiiun^^st these may be mentioned the small instrument, which 
I will call a Jisehartjer. It is requisite in order to observe many 
of the phaenomena ot the induction apj)araiu» with convenience 
and without being exposed to electric shocks. On the \\ hole, 
my discharger has somewhat the form ot a spai'k microineter, 
but its use is more general ; the platinum wires, carried by plass 
rods and connected with the poles of the induction cuil, arc, in 
the horisontal position, capable of a horizontal, vertical, and 
rotatory motion ; and, in the vertical position, they can be placed 
Ade fay aide, or one above another. Theae wirea, on whoae eK«* 
tremitiea thinner wixca, knobs, or diaca can be f astened , aerve 
also, when in a vertical position, as electrodea in the chemical 
decompoaitiona which can be effected by means of the induction 
current* 

The aeoond apparatua of thia kind is known as the electric 
^g, whose construction needs no description. 
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I have employed two, of imequal diiiRiisions. The axes of 
the greater are 10^ and 7 inches in length, and in it pomts, 
spheres, and discs can be introduced. The axes of the smaller 
one arc 4^ and 3 inches in length. For moat experiments the 
latter is sufficient, and besides this, it possesses the great advan- 
tage of being exhausted, to a few lines of pretisure^ by means of 
a few strokes ut a good au-puiiip. 

I have also employed an extra plate, such as is furni^ed with 
most air-pumps, but muiliticd so as to suit the institution of 
electric experiments m a \ucuuiii. A glass disc is cemented 
upon the brass disc ; in both two holes are made, lu w hich 
two thick copper pins are fastened so as to be air-tight, and 
yet not to touch the brass ; these pins project above and below, 
are 6 inches distant from one another, and their extremities are 
provided with holes and clamp-screws, so as to receive the 
necessary connecting wires. By means of the ^ass disc, many 
experiments can be made which it would be impossibk to 
make in the egg ; for upon it several kmds of apparatos can be 
placed^ and over all a bdl-ahapcd -reoei?er can oe inverted in 
order to anrroand ail by a vacanm. The afrangeiaent is abo 
mote air-tight than the egg, as it eontaina no atnffing-box, wfaichi 
however, should motion be required daring the eqieriment, can 
be added to the glaaa receiver. 

[To be couluiued.j 



IT. 1 , Desrrijifion of a new Meteoric Iron from Chili, cantaiih 

tiuj Native Lead. B\j ii. P. Greg, Esq,^ 

2. Fall of a large mass o/ Meteoric Iron at CorrterUes m SoMik 
Americai. 

L A SHORT time ainee I purchaaed a maea of meteoric 
iron weighing upwards of 17 Iba. ; ita afaape waa iif^ 
gular and'cnp-like^ eonsiderably oonvvK or hollowed ont on one 
aide, and the external anrftee more or hsea covered with amafl 
angular and conchoidal projeetiona. It was found hf Mr. 
Greenwood, Reporter of Mineral Fropertiea, on the 26th of 
February, 1840, on the deaert of Tampaca, 80 milea N.E. of lU- 
e^uazo, and 46 miles from Hemalga ; and waa afterwards ana* 
Weed, in 1858, by Mr. Georee Darlington, of the Mneeom of 
Pnu^cal Geology, with the following results : — 

* €k>miDunicat€d by the Authw. 

t From tbe liverpool litoaiy aad Philoiophioet Society's Joenial. 
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a. 


b. 


Iron . • • 






Nickel • . 


• 4-62 


4*56 


Cobalt . . 


0-36 


0-37 


Mangaaese • 


, 0-20 


0'18 


Phosphureta • 


. 1-21 


1-26 


Chromium « 


• trace 


trace 




99-80 


9985 



In general oom^ositton it therefore closely resembles the 
majority of meteonc irons hitherto analysed. I am unable at 

present to say if it contains Schreibenite, 

The specinc gravity of a slice weighing 6 oz,, containing^ how* 
ever^ cavities, and other matter, I found to be about 6*5. For 
meteoric iron it is perhaps unnsnally soft ; and though it shows 
nov^ga1arcry«/a//tW or Widniannstattian figures when a polished 
surface is treated with nitric acid, yet there is apparent a slightly 
welded or mottled texture, brighter in some parts than in others. 

It was not^ however, until the iron had been cut up into slices 
for the purpose of polishing and for exchange, that I discovered 
it had not a perfectly homogeneous structure, but was in many 
places more or less honeycombed with cavities^ some of whicn 
actually contained what appeared to be pure leadl In some the 
lead was not larger than a pellet, and did not till the entire 
cavity which contained it; in others the entire cavity was filled 
with lead, in size e(jiial to a jnia. Professor Sheparil of Ame- 
rica, who IS so well acquainted with meteorites, along with Dr. 
Heddle and myself, saw some slices of this iron slit in the work- 
shop of Mr. Young the lapidary, at Edm burgh, and we took lead 
out of the cavities immediately after they left the lathe^ so that 
there could be no deception vvliatcver. 

To be quite certain, my friend Dr. Hcddle examined some of 
It, and found it to be cheiiiieally pure lead; when the tainibhed 
surface; was not scraped oil, small quantities of iron and alumina, 
and mere traces of phosphorus and magnesia, were iound. 

There are also two other substances in some of the cavities of 
this singular iron, which Dr. Heddle, when he has analysed, will 
sqiaratdy report upon ; the one a very hard^ grayish-blacky semi- 
metallic mineral; the other yellowish-brown> insoluble in adds, 
and with an earthy texture. 

This is the first authentic instsnee of the existence of lead in 
meteoric bodies, and to find it so closely allied with, and buried^ 
as it were, in metallic iron^ is not only in itself smgular, but 
difficult to account ibr. It is, however, probable that the lead 
was orifiinaUy held in alloy along with the nickel and cobalt. 
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and on intense heating or partial fusion of the iron mass^ 
*' sweated " out into vesicular cavities. 

Should this he a correct view^ it is a proof of the intense heat 
to which iron meteoric masses appear to have been subjected at 
the time of, if not previous to^ their reac^nTii^ the surface of the 
earth. Indeed meteoric fftones seem to have been subjected to a 
much smaller degree of heat while falling, than iron masses, if 
we may judge by ap])caranccs, the only sign of fusion in stones 
bcinp: quite external^ and merely marked by a thin^ bhick^ and 
sluumg crust. 

/row falls are txt rc uicly rare ( nipared with what arc called 
tto7ie falls; so iiiueh so, mdecd, that there are not more than 
three or four autlieutic accouiits of tbc fall of iron masses, niid 
these not large ones, bearing no coiupanson to the enormous 
masses weighmg irom 5 to 20 t uus whieli have been occa^iiuuidly 
found on the plains of Mexico aud South America* See Fhil. 
Mag. for Dec. 1854. 

T. Should any one be inclined to doubt the laet that such 
immense masses of iron have not, stnctly speaking, a meteoric 
origin, I have added to this pa])er some particulars of tlie fall of 
one in Soutli America in the year 18M<, that first fipjiLared in a 
phiioso])lur;il journal some years ago, but which, fruin having a 
local* cnculation, has not received the notice which it so emi- 
nently deserves. 

It is ini])ortant to notice the state of intense fusion exhibiied 
by the entire mass ut the time of ialimg; Mr. Symonds's descrip- 
tion is most graphic. The account was given in a letter, read 
by Mr. Dickinson, from the observer of the phsenomenou, a 
Mr. H. E. Svmonds; and the fbllowing is an extna^:^ 

Having been deeply engaged in Argentine politica and wan 
in 1848 to 1844^ I aecompanied the Corfientine army in ila 
invasion of the province of Entre Rioi« Thia wmy letomed 
from that expedition in January 1844. Omr rear« in which I 
msvchedf was to oontmuaUy harasied by EntreriaQ ekicmialierii 
ihai for ten days before we had gained the Coniantina frontier 
we had no time to sleep or change dotiies ; bat soon after pasa* 
ing thia, in Canitaa Paao, on the river Moeorita^ we plaaed a 

Siard in the pass, and deeming onrselves secure^ tlie whole 
vision abandoned itself to the profoundest aleePt 
''From this sleep we were all simttitweously awakened at 
about two o'clock in the morning ; and as if actuated by oka* 
tricity, each individual of our division (about 1400 men) i^mng 
on his feet at the same moment* An aerolite was falling. The 
light that accompanied it wia intense beyond description. It 
« Set! Proceedings of the iilitssy SttA Philosophisii SooetV Cf liMf^ 
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fell in an oblique directioo, probably at an angle of about 60^ 

vitb the earth, and its course was from east to west. 

" Its appearance was that of an oblongatcd sphere of fire, and 
its tract £n>m the sky was marked by a fiery streak, gradually 
fading in proportion to the distance from the mass, bat as in- 
tensely InminouB as itself in its immediate vicinity. The noise 
that accompanied it, though unlike thunder, or anything elae 
that I have heard, was unbroken, exceedingly loud and terrific. 
Its fall was accompanied by a nio^i sensible movement of tlie 
atmospbere, which I tboisuht at first rr]>(llcnt from the falling 
body, and aJterwarils it became something: of a short whirlwind. 
At the same tinio I niul my companions all agreed tliat \vc had 
experienced a viulcut eieetric shock ; bnt probably this sensation 
may have been but the effect on our drow?sy senses of the inde- 
scribably intense light and noise. The spot where it fell was 
about one hundred yarcfc from the extreme right of our division, 
aud perhaps lour hundred from the place where I had been 
sleeping:. Accompanied by our general (Dr. Joaquui Madauaga), 
I went w ithni ten or t\selve yard* from it, which was aji ucai' as 
iU heal ailuwcd us to approach. 

" The mass appeared to be considerably imbedded iu the earth, 
which was so heated that it was quite bubbliug around it. Its 
siae above the earth was perhaps a cubic yard, and its shape was 
somewhat spherical ; it waa intensely ignited and radiantly light, 
and in this state it continned nntil early dawn, when the enemy, 
having brought his artiUeiy to the pass, forced us to abandon it 
to continue our maieh. I may mention, that, at the time of ita 

the sky above ua waa beautifully elear, and the stars were 
porhapa more than usually bright; there bad been sheet light- 
ning the previous evening. 

I never afterwards bad an opportunity of reviaiting the 
Mocoiitaji for our permanent encampment waa thirty*five leagues 
to the north of that pass, between which and our encampment 
the conntrv was entirely depopulated by our long war ; but as 
the spot wnere the aerolite fell waa known to many of our sub- 
altern officers, who were frequently sent to observe the frontier 
of Entre iiios, I have heard them describe it aa a ' piedra de 
fi^rro/ t. e, a stone of iron; and I once provided one of the most 
intelligent of them with a hammer in order that he might bring 
me s sample of it. On hia return, he told me it was so excess- 
ively hard that the hammer bent, and was broken in unsuecesa* 
fill attempts to break oil' a small piece of it." 
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III. On the Relation of the Dans mission of Radiant Heat 
throuijh Crijslals to the direction of Transmission. By H 
Knoolalxh, Professor of Natural Pkilosophy in t/te Univer- 
sity of Halle*. 

IN a memoir, a full translation of which is given in the !ast 
volume of the Scientific Memoirs, M. Knoblaucb sliowed 
that radiant heat passed in different quantities m ditlcrt nt direc- 
tions tlirough certain nniaxal crj'stals ; and also that tlit quality 
of the heat, after having traversed the crystals in different direc- 
tions, was different. In the present paper he extends hia re* 
searches to biaxal crystals. 

The transmission of radiant heat throuijh a number of plates of 
biaxal crystals, which were all cut perpciuUcalar to a line bisect- 
ing the acute angle enclosed by the optic axes (the middle 
line"), was first exauumd. A beam ul light was conducted by 
the mirror of a heliostat into a darkened room, and permitted 
to pass throuL':h a Nichol's prism before reaching the crystal. 

When the pnucipal section passing through the obtuse angle 
of the prism was vertical, the rays issuing from the prism were 
polarized in a borisontal plane; and when it wis required to 
pokriie them in a vertical plane, the prism waa Moipiy tamed 
through an angle of 90 degrees. Having traversed the crystal, 
the rays fell upon a thermo-electric pile, and the deflection 
produced was a measure of the amount of heat transmitted. 

Operating in this manner with yeUow heavy spar, M. Knob- 
knch found that when the plsne of polarization of the rays 
endooed an angle of 90^ with the pkne of the optic axes, ue 
heat nasfled in greater quantity in the direction of the middle 
line than when both planes were coincident, the ratio of the latter 
quantity to the former being 100 : 1 12* 

The quality of the heat which had passed through the crystal 
was neit examined, and proved to be the same, whatever the 
plane might be in whidi it was polarized. This result was 
obtained by introducing a diathermanous body in the path of 
the rays between the crystal and the pile : it was found that the 
quantity falling on the diathermanous body always bore the same 
ratio to the quantity transmitted by it, no matter how the rays 
might have been polarized. 

The next ervstal exninincd was a reddish-yellow topaz, and the 
remit was ditierent Irom that obtained in the case of heavy 
spar. In topaz the heat travels in greatest quantity in the 
direction of the middle line, where the plane of polarization 
coincides with the plane of the optic axes. The ratio of the 
respective quantities found by M. Knoblauch was as 100 : 96. 

* Abrtneted ftom Poggeadorff's Jmalm, voL zoii. 
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Qualitative differences were also observed in this case, de- 
pendent on the ]i(»ition of the plane of polarization. Glasses 
of different crtlonrs were used to test the quality of the heat. 
Calling the quantity falling upon the ])i!c previous to the intro- 
duction of the glass 100, the ratio of this quantity to that 
which pas5?cd through the glass in the respective cases is given 
in the following table ; — 









Blue glass 

Red glut 


100 : 44 
lUO : 58 

100 : n 

100 : iO 


100 : 34 
100 : 60 
100 : 16 
100 s 45 



We most conclude Droni this table that the heat whose plane 
of polarizati(Hi ciomcides with that of the optic axes, possesses, 
after its passage through the topaz, a greater power of traversing 
the blue glass than the heat whose plane of polarization is per- 
pendicular to that of the optic axes. The former, however, 
passes through the green glass in less quantity than the latter. 

These differences were exhibited in a far more striking manner 
in the case of a plate of yeUow-green hornblende. For the sake 
of brevity, we will call the quantity of heat which passes through 
the crystal when the planes of the optic axes and that of polari- 
zation are coincident, Q, and the quantity which passes when 
the planes are at right angles to each other, Q'. In the case of 
hornblende, the ratio of Q to Q' was as 100 : 133. 

Qualitative differences also exhibited themselves here, as is 
manifest hom the foUowing table 





PUnet coincident. 


PUnet oKMwd. 




100 ; 61 

100 : 4 

100 : 29 
100 : 97 


100 ! 58 

100 : 17 
H»0 : 41 
100 : 71 



"We here observe, that the rays which pass in greatest quantity 
through the red and yellow glass are the most intercepted by 
the green and blue. We also see that a cliaracteristic difference 
exists between the heat issuing from hornblende and that issuing 
from topaz. For the heat whose plane of polarization (onicides 
with that of the optie axes, possesses, in the case ot topaz, a 
higher power, and in the case of hornblende a lower power, to 
radiate through the blue glass, than the heat whose plane of 
polarization crosses that of the optic axes. 

In the case of a plate of pistacite the ratio of Q to was 
found to be as 100 ; 146. 

* «. e. the plane of polarization and the plane of the optie asMt. 

FhiL Mag, 4. Vol 10. No. 68. Julg 1855. G 
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The qualitative diflTeieiicea tliat were obaenred are fflihihitfd in 
the Mowing table : — 





nanci ooincideat. 


PknMCzoMd. 




100 : 00 

100 : 12 
100 : 47 
100 : 53 


100 : 44 

100 : 16 
100 : 36 
100 X SO 

* 



It is worthy of remark, that with the same poisition of the 
plane of pdaniation and of the optic axes, the heati in the caae 
of homDlendei paaaea worse through blue glass and better 
through yellow glass ; and in the case of pistactte, better through 
blue glass and worse through yellow glass, than the rays for 
which the planes enclose an angle of 90^. In the case of red 
and grccii ^'luss this antithesis is not observed. 

M. Knoblauch next placed two plates of pistacite togetheri 
both cut at right angles to the middle line, and eiamined their 
effect upon the pnssiage of beat in the direction of the said hue, 
first, wlien the planes of the optic axes of both plates were 
coincident; and secondly, when they were at right angles to 
eacli iMhcr: the propurtiun of the quantity tran-^nittcd were 
us lUO : 130, the former representing the quantity transmitted 
when the ])lane:i were at right angles to each other, and the 
latter the quantity transmitted when they were parallel. 

Qualitative diiierenoes were also exhibited, as shown by the 
following t^ible ; — 





riuM of lh« «frtie iMi «f ttw two plalM. 


PerpcndlcuTtf. 




Green ^rlass 

lihiu glu^s , 


100 ; Gi 
100 : 10 
\m : i2 
100 : 41 


100 : 40 
loo : 24 
100 : 27 

lou i an 



In these experiments the NichoPs ])risin was removed, and 
the light direct from the mirror of the hcliostat was permitted 
to pass through both platea succe-i-^ively. 

A plate of ^roit7* miV^T was next (^xajumed, in the same manner 
as iliLi heavy spar, topaz and hornblende. In this case the ratio 
oi U tu U' was as 100 : 109. 

The power of the heat to pass tli rough glut»Si'» of diUcrent 
Colours is exhibited in the luliuwiug ittljlu 





PlttMi ceiaddtnt. 




Yellow glasii 


100 : a2 
100 X 14 

100 : 42 
100 : 61 


100 : 4S , 
100 t 17 

100 : 37 
lOU : 07 
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In this case, the iliiFcrcuccs, both quaiitiLative and qualiLaLive, 
in both groups ot rays are evident. 

The ease -with which plates ot mica of any rcqiiucLl thickness 
may be obtained, rendered this body pcculiiuly adaptt d to show 
the manner in which tlio dilFereuccs exhibited above were aiiecttd 
by the thickness of the plates. 

lu the first place, a j)l:ite was chosen of about one-thud the 
thickness of the plates made use of in the f()ree:oini? experiments. 
Tlic proj>ortion of Q to Q', tluit i^, of the quantity tiaiismitted 
when the plane of polarization was parallel to that of the optic 
axes, to the quantity transmitted when both planes were at right 
angles to each other, was as 100 : 107. 

When, however, instead of sending the heat through one 
plate of mica, it was sent through a number of plates whose 
total thickness amounted to about six times that of the single 
plate, under the same circumstances the proportion of Q to 
was as 100: 119; a proof that the quantities of the two systems 
of rays polarized at right angles to each other differ the more 
from each other the greater the thickness of the crystal through 
which they have to pass. 

To ascertain the influence of thickness upon the quality of 
the transmitted rays, M. Knoblauch proceeded as follows : — 
Having determined the rate of the quantities of heat transmitted 
direct from the plate of mica to the thermo-electric pile^ a dia- 
thermanous body^ a green glass, for example^ was introdnoed 
between the mica and the pile, and the effects produced when 
the planes were coincident and at right angles to each other 
were compared. If the ratio obserred, as bdbre the introduc- 
tion of the glass, showed itself here aJso^ it would be a proof 
that equal proportions of both groups of rays were transmitted 
through the green glass. If the ratio were changed, it would 
show that the two systems of polarised heat had traversed the 
green glass in unequal quantitiesj and were therefore qualita- 
tively differeot from each other after their passage through the 
mica. 

It was founds in the ease of a single pkte of mica, that the 
proportion of the two quantities metmoned, before entering the 
gla:is, was as 100 : 107. After passing through the riaat the 
proportion was precisely the same. After passing through 
aboat three times the thickness of mica, the proportion, before 
reaching the glass, waa as 100 : 120; bat after passing through 
the green glass, as 100 : 170. Doubling the last thickness, 
the proportion before entering the glass was as 100 : 126, but 
after leaving the glass it waa as 100 : 284. 

It thus appears that the difference ol transmission of the two 
difoei^y polarized groups of rays, thiough the same diatber- 

C2 
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manotis aubstanoey may be increued fiom lero to a vefy great 
amoiinty by 8im|»ly augmenting the tbieknesa of the crystaL 

Similar ezperimenta were made with red, blue and yellow 
g^aas. The reaolta are contained in the fbUowing table : — 





Thin pUkte of mkft. 


niiek jditfe of i^ou 


cofa^dwt. ^^^^ 


Plues FltMi 
eoinddMfc. tmwiid 


Bcftiro pmigo through 

Bed ^aw 


100 : 101 

100 : 99 


100 : IM 

100 : 117 


Before ptmge throngli ... 


100 : 107 

100 t 107 


100 : IM 

100 : ^ 


Before ptNtge thronglt ... 

Bluets 


100 : 111 

100 : 105 


100 : 186 

100 : 104 


Before passage through ... 
TeOoir glass 


100 : 1» 

100 : 113 


100 : li4 

100 : 135 



From this table wf derive the general conclusion, that the 
quahtative difference of the rays which we have here compared 
become more evident as the thickuesi of the crystal through 
which they pass is increased. 

In all tne experimentf^ Inllierto recorded, the direction of the 
calorific rays was that of the line which bisected the acute aiifrle 
enclosed by the two optic axes. M. Knoblauch next proceeded 
to compare the quantities of heat transmitted in different direc- 
tions by the mmd crystal. 

The NichoPs prism was removed, and the direct solar rays 
were permitted to fall upon a cube of dichroite ; the rays first 
passed in the direction of the middle line just referred to, and 
afterwards in the direction of the line which bisected the obtuse 
angle enclosed by the optic axes^ the supplementary line.'' 
The quantity transmitted in the former ease, compared to that 
transmitted in the latter, was as 100 : 86. 

The crystal was next placed so that the supplementary lin^ 
and with it the plane of the optic axes, was vertical, and the 
quantity of heat transmitted along the middle line was com-* 
pared with the quantity transmitted in a direction at right 
angles to the plane of the optic axes: these quantitiea were 
found to be in the ratio of 100 : 46. 

In both these cases, therefore, the quantity transmitted along 
the middle line was greatest. 

Comparing the direction of the siqiplementary line with the 
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perpendicular to the optic axes, the quantities transmitted in 
these respective directions were found to be in the ratio of 
100 : 139. Although the crystal hvvc rxnniinrd exhibited err- 
tain mechanical defects, M. Knobiancli considers it certain that 
the differences stated cannot be refcnccl to this eaiise. In the 
case of dichroitc, radiant heat jins.scs m tlii' (lucction of the 
middle line in the greatest f|ti;intity; in iess quantity perpen- 
dicular to the ])lane of the o[>tie axes, whereas the direction of 
minimum transmission is that of the supplementary line. 

The qualities of the heat pasjsinij: in these three directions 
were next examined. In the first compartment of the fallow mg 
table, the heat transituited parallel to the middle line is com- 
pared with that trati:smittcd parallel to the bUpplcmentary line; 
in the second compartment, the middle line and tlie perpendi- 
cular to the plane of the optic axes are compared ; and in the 
third coaipai tinent, the supplementary line is compared with 
the perpendicular to the plane of the optic axes. Ju all cases 
the quantiiy falling upon the (jlass is set = 100, and the ratio 
of this quantity to that which passes through tlie glass is stated. 





PanUd to Uie Euiiiiik 
line. 


Pandlei to the supple- 
mMlwjrliae. 




100 : 71 
100 : 18 

100 : 54 
100 ;dl 


100 : 25 
100 : 60 
100 : 53 
100.: 14 




Fanllel to tbe middle 
Hoe. 


Perpendicular ^to the plane 

of tlM optic HKS* 


■II 


100 : 78 
100 : 16 

100 : 51 

100 : 24 


100 : 67 
100 : 97 
100 : 54 
100 : 20 




Panlld to the lupple* 
mentny Une. 


Perpendicular to the plane 
of thAoptfeaiCi. 


Crcen gla^s 


100 : U 

m-i 60 

100 ; 51 

100 : '22 


100 : 71 
100 : M 

100 : 54 

100 : 22 



From these obsorvntions M. Knobiancli concludes, that the 
properties of calontic rays arc different, tlmt is, they possess 
different powers to pass throui^h the same diatiicrmanous body, 
according as they have traversed dichroitc in tlie direction of 
the middle line, parallel to the supplementary line, or perpendi- 
cular to these two directions. 

A cube of blue topaz was submitted to a simUar examinatioii : 
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here it was found that the calorific rays passed in greatest 
quantity parallel %o the supplementary line, in less quantity 
perpendicular to the plane of the optic and least of all in 
the direction of the middle line, a deportment antiihcucal to 
that of dichroite being thus exhibited. Small qualitative differ- 
ences were also observed where the heat waa traoamitted through 
the various coloured glasses. 

Remarkable quantitative and qualitative differences were shown 
in the case of a twin crystal of diopside, accorkliii,i; a* the calorific 
rays weru tiuiismittcd throupjh it in one or the other direction. 
From all the experiments made with biaxal crystals, M. Knoblauch 
comtidm the fact to be placed beyond doubt^ that certain of 
these crystals tranainit cuorific raya with differeat fe dlitiea in 
diffsrent dureetions ; and after tins trammiision exVibtt different 
properties; fiurtherj that for polaviaed hcat^ differenoea are ob- 
aerved in one and the same direction according as the plane 
of polariiation coineidea with or is perpendicular to that of the 
optic aies* 

In the memoir alluded to at the commencement of thia abs- 
tract, M. Knoblauch showed that the transmission of heat 
through certain crystals posseasbg but one optic axis, was de- 
pendent on the direction of transmission. In addition to the 
observatioDs there recorded, he has recently made others on 
amethyst and idocrase, and finds^ in the case of amethyst, when 
polarized heat is used^ that the calorific rays which paas per- 
pendicular to the axis of the cr)'stal are different^ in quantity 
and quality, according as their plane of polarization occupies 
the one or the other position ; but when the rays jpsss in the 
direction of the crystallographie axis, no such dimnenees are 
observed. 

The transmission of unpolarizcd heat was not examined in the 
case of amethyst, but in the case of idocrase the quantity of 
natural rnys transmitted parallel to the axis was to the qnnntity 
transmit:! d perpendicular tn the axis as 100 : 78; qualitative 
differences were also rxlubitid \>\ the two groups of rny«5. 

These differences were not obser\ ed in the rays which pu&>ed 
through the crystal in two directions at right angles to each 
other, and al»o at right angles to the optic axis. 

Wlirn polarized heat was n^ttl, the quantities transnntted 
when the plane of polarization was respectively parallel and 
perpendicular to the axis, were found to be in the ratio of 
100 : 79, Considerable qnahiative diticrences were also ob- 

I'vcd in these rays on testing them by coloured glasses. When, 
however, the plane of polai jzatiou was preserved coincident with 
the optic axis, no mailer how the direction of the ray thjuugh 
the crystal might be changed^ neither quuiitutive nor quantitative 
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di fl fe iMic et veie disoemible. From all his obienrfttimiB on 
miaenl eryilali M. Knoblauch concludes, that with certain 
bodies of this ckia calorific rayv exhibit both (][uantitative and 
qoalitative diffinrencct dmiendcnt on the direction of the rm 
through the er^tal*. Only in dtiectiona which are perp^dicuur 
to the optie aaoa are the efecta the aame. If the heat ia polar* 
iwd, difieiences dependent on the position of the plane of 
polaniation are observed in one and the same direction. Here 
alao the radiations perpendicular to the axis are the same* 
Along the aiis alone is the transmission of the heat, and its 
further deportment dependent on the plane of polarisation. 
The differences spoken of are greater in the case of polarised 
than of natural rays» when the plane of polarisation in the one 
ease has the same direction as the axis, and in the other^ en- 
eloaes an angle of 90* widi it ; the differences disappear alto- 
gether when the plane of polarisation is kept coincident with 
the ciystallographic axis* 



IV. Notes on Minerabf/y. — No. II. (Jn Ihe Chemical Compo- 
sitian of the GranUee of the SoutJ^east of Ireland, By the 
Rev. Samuel SIavqbto^^ Profeenr of Geoloj^ m the Unher' 
eity of Dublin*, 

THE g:ranites of the south-east of Irehuid occur m tliu coun- 
ties of Dublin, Lai low, Kilkenny, W'icklow, and Wexford, 
and may bo divided physically into two distinct groups: — 

1st. The cli;uu of p^ranite liills exteiidin*; from Booterstown 
and Dalkey, co. Dublin, in a N.N.E., S.S.W. direction, to Poul- 
iiioLiuty in the south of the county of Carlow, within five miles 
of New Ross. This granite chain has a length of G8 miles, and 
a breadth varying from 8 to 15 miles. 

2nd. The scries of granite hills occurring at intervids in the 
slate of the counties of Wicklow and Wexford, isolated from 
each otlier, and rising like islands through the slate. This 
^ronp of granite hills lies between the main chain and the sea, 
and appears to be arranged in lines parallel more or less to the 
axis of the main chain. These granite hills are abont twenty in 
number, and extend for a distance of 48 miles from Baliinaclashi 
county Wicklow, to Camarus Hill, connt^ Wexford* 

Hitherto, so far as I am aware, no deeuhe proof of difierence 
of geological age has been discovered between these two groups 
of granites ; they are both newer than the Silurian slates^ which 
they penetrate and metamorphose. 

* CoTwnmiicsted by the ABtbqr> 
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Such being the state of geological knowledge on this subject, 
it occurred to me that it might be useful to direct attention to a 
distinction of a chcnural character which appears to exist between 
these two groups of luiites, — a distinction to which I have Ijeen 
led in the course of a series of analyses of Irish granites, in 
which 1 have beiu for some time engaged. The distinction to 
which I have alluded is the following. The granites of the 
uunii chain contain more potash than soda ; and vice versuy the 
granites to the east of the cluiin^ \\hich arc iMjiatcd from it and 
from each other, contain rnvK tjoda than potash; shownur that 
the circumstances, univnown to us, under which the isolated 
granites were formed, were such as to yield to the molten mass 
a quantity of soda greater than that possessed by the granites of 
the principl chain. 

In iUustratiou oi tlie forc^onig generalization, 1 oiicr analyses 
of granites from the follow mg localities 



OnmUie €hain* 

1. Dilkcy, Go. Dublm. 

2. Foxrack, Co. Dublin. 

3. Three Rock MoimUuD^ Co. 

Dublin. 

4. EuDiskcnrVj Co. Wicklow. 

5. BaUyknoaceOy Co. WicUoir. 

6. Killballyhugh, Co. Carlow. 

7. Hlackstairs, Co. Wexford. 
BaUyleigb, Co. Wexford. 



liokitd grmtUes, 

1. CQthbawii, Co.Wieklow. 

2. CroghanKin8hela,Co.Wicklow, 

3. Ballymotymore, Co. Wexford. 

4. Ballynamuddagbj Co. WeAlbrd. 



I 



It will be seen, on reference to tlie Ordnance Map, or any 
good map of Ireland, that the localitiea selected extend from the 
north to the south of both the granite series ; and on reference 
to the geological maps of Wicklow and Wexford, it may be ob* 
served oy those unacquainted with the geol(^;ieal stmctore of 
this part of Ireland, that the granites of the second group cx« 
amined are taken from the distinct and distant isolated patches 
of granite. 

In order to investigate the relatiye proportions of quartz, fel- 
spar and mica, of which these granites were composed, I used 
the following method, which appears to be as simple as any that 
has been proposed for such a purpose. 

Let the per-centage of silica in the granite be divided by the 
atomic weight of silica, and let the quotient be denoted by a. 

Tjet the per-centagcs of alumina and peroxide of iron be divided 
by the atomic weights of alumina and peroxide of iron respect- 
ively, and let the sum of the quotients so found be denoted by ^. 

Let the ])rr-rLiit,i^es of lime, magnesia, potash, and soda be 
divided by tlic atomic weights of these elements, and the smn 
of the quotients called c» 
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Then, on the hypothesis that the granite is composed exdu* 
tively of quarts^ felspar^ and mica (margarodite)^ since 

QuartB sSiO^ 

Felspar = RO, SiO^ + R«0», 3SiO» 
Margarodite «110, SiO*+2(li2 0^, SiO*) + 2H0, 

we find, if Q, F, M denote the number of atoms of quartz, fel- 
spar^ aud margai*oditc present in the granite^ the following rela- 
tions 

i=F + 2M I ...... (1) 

esF+M J 

In these equations, a, Z», c arc given by the analysis; and 
from these e(ivi;itioiis, Q, F, M may be found. Haviu<r deter- 
mined Q, F, M, we can obtain the per-centages corresponding 
to them by multiplying Q, F, M by their respective atomic 
weights. The atomic weight of quartz is known, and is 46 ; 
but the atomic weights of felspar and mica vary with the rela- 
tive pn)|)ortion8 of the inirredients composing these minerals. 
Assunnng the average uf the analyses of micas from this granite 
range already given by me (Phil. Mag. vol. i\. p. 272), it is easy 
to infer from it an atomic weight of miea equal to 305. Tins 
atomic weight of mica has been used by me in the calculations 
made in this paper, and the per-centages of felspar found by 
difference. 

The calculations just mentioned do not prove that the gra- 
nites to which they arc applied are couq>us( d of quartz, febpar 
and mica, as combuiations of other minerals might ecpially well 
represent the analyses ; but on the hypothesis that tlie granites 
are composed of these three minerals, they give their per-ccntages 
with a close degree of approximation: and further, if the equa- 
tions cannot be satisfied with positive values of Q, F, M, it may 
be considered as proved that the granite imder consideration 
cannot be simply a compound of quartz, felspar and marga- 
rodite. 

It is to be observed, that if a granite be composed of four or 
more minerals, it is not possible to find by the process just de- 
scribed, the per-centages of each mineral, because in this ease the 
number of unknown quantities is greater than that of the equa- 
tions from which thev are to be calculated. 

The following Table contains the analyses of eight granites 
taken from north to south along the principal granite chain, and 
the notes ;ij)])Lnded contain a few interesting particulars respect- 
ing each granite. 
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Table I. — ^Amdyses of Granites from jirincipal Chain* 



8 

•a 



1. Dalkey 

S. Foxrock 

3. Three Rock ... 

4. Eimiskcrry ... 

5. Ballykiiocken... 
f). Killhallyhugli... 
7. Blacks tairs ... 



a 



70-38 12-64 
73-00 13 (M 



70-28 
7434 
70-82 

73'i4 



I3G4 
1408 

15- ir. 

KV4H 



3*16 

2-44 

2- 60 
1-40 

3- 47 
ICO 
1-72 



8. BaUyldgU 1 73 28 12 G4 2-00 



1*84 

1-84 

204 

1- 48 

2- 66 

Odd 

1-72 



T 



S- a 



-"I 



0-53 
Oil 

trace 
trace 
0-Sl 

trace 
trarc 
trace 



5-90 

4 21 

5 79 

3- 95 

4- 64 
4-59 
4 -HO 

4-7U 



3*13 
3-53 

2-82 
2-72 
2-3! 

;:t8i 

2-97 j 



1-16 

1-20 

1-39 



9M4 

99-97 
99-97 
98-63 

1-20 \00-\5 

' imi 

98ai 



1-04 



No. 1. Dalkcy. — Sprcitic i,^i'a\ ity, 2*6'{-7. A fme- grained gra- 
nite containing blaclv and transparent mica. This granite 
cannot be a tcrniu-y compound of quartz, felspar and 
margarodite. Thi^^ graaite was U84id in the coustructtou 
of Kingstown liarbour. 



No. f*o«roeit.-^pedfic gravity^ 2*688. A ooane granite^ 
which strikes fire vind^ the hammer ; it forms a dnrabls 
and strong bailding stone, and has been employed in the 
ring stones of Trini W College belfiy^ and in the oonstme- 
tion of the (Kl^onnell monument at Qlasnevin. 

No. 3. Three Rock. — Specific gravifyf 2*652. This granite 



is rather coarse-grained; it was taken from W 
Quarry, on the slope of the Three Rock Mountain, and 
like No. 2, has been used in the construction of the 
O'Connell monument. 

No. 4. EiiniskprrT/, — Spceitic i:r;\vity, 2'633. A rather coarse- 
grained granite, contain mg veins of black tourmaline. 



No. 5. Bally knocken, — Specific gravity, 2*636. This granite 
is the best building stone in the neU^bourhood of DubhOf 
and has been extensively used in the public buildings of 
this city ; it forms the principal part of the granite usi d 
in the belfry and museums of Trinity College. The 
quarries are situated beyond Blessingtouj in the coonty 
of Wickbw. 

No. 6. Killbafh/hufjh, — Specific gra\ity, 2'G16. This is a fine- 
grained granite, and works freely; it has been employed 
in the construction of the CUapcl of Ease in the town oi 
Carlow. 

No. 7. Blaekttam. — Specifc gravity, 2*622* A medhuii* 
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grained granite from Kiltealy^ on .the Wexford slope of 
Blackstaira. 

No, 8, Ballfjleigh. — Specific gravity^ 2 G27. A fine-jrrained 
granite taken from near Poulmounty Bridge^ at the iiuutli- 
west extremity of the granite chain. 

Calculating the atomio ^notienta from Table we conitraet 
the following Table^ containing the valnea of a, b, c, and of Q, 
F, M, calculated from equations (1). 

Table lI.^Atoma of Granitic Minerals. 





Atoms of 


Atoma of 
peroxides 


Atoma of 
protoxide* 

=c. 


Atouu of 


Atoms of 


AtoOMof 




1-530 


0-286 


0-353 








FoTrork 


1-587 


0-296 


0274 


0-513 


0-252 


0022 


Three Kotk ...... 


1-528 


0-352 


0-287 


0-445 


0-222 


0065 


Ennibkcrry 


1-613 


0-282 


0-225 


0-770 


0-168 


oori7 




1-540 


0-317 


0-283 


0-442 


0-249 


0 031 




1-592 


0 321 


0-232 


0-/53 


0-143 


008<» 




1-587 


0322 


0-23i* 


0-714 


0 156 


0-083 




1-593 


0-271 


0-257 


0-579 


0-843 


0<>14 



Calculating, by the method aheady described, the per-centages 
of quartz, felspar and mica, contained in the different granites, 
we find the following : — 

Table III* — er-centages. 



LooUiiy. 




F«b|Mr« 








09*66 


671 




20-47 


69-68 


19-88 




a')-42 


45-83 


1 7-38 




80-33 


68-97 


10-37 




34-Ci 


38<I7 


8714 




32-H4 


41-19 


25-31 


Bdlyldgh 


26-63 


67*45 


4-27 



From the fonwoing calculations, it follows, that, with the ex- 
ception of the Dalkcy granite^ the granites of the main chain 
examined might be represented by combinations of quarts, fel- 
spar, and mica, in which the quarts is the most regular mineral, 
considered with reference to its per-oentage. 

The following Table contains analyses of granites belonging to 
the second group, and supposed to he newer than the others, 
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Table IV.— Isolated Gramtes. 



1 

LocalitiM. 


Silica. 


Alumina. 


Peroxide 
of iron. 


Lime. 


• 

8 

1 

a 


i 




n 


1 




70-32 


11-24 


4-80 


301 


0-73 


2-27 


3-39 


1-62 


97'3» 


2. Crogbaa Kinshelau. 


80-24 


13 24 0-72 


0-89 


trace 


0-40 


6-58 




101-07 




ee-eo 


13*26 7*32 


8*36 


1*89 


i^l 


8*00 


»i4 


UMl 


4. BaUynunuddagli... 


68*56 


14*441 504 

1 


3-85 


0-43 


2-78 


3-36 







No. 1. Cushbaum,— Speci^c gravity, 2*671. A fine-grained 
granitCi containing hornblende in addition to miqa. 
Besides the eonstituenta given in the table, the spedmeD 
examined by, me contained 1*34 per cent, of carbonate of 
lime. 

No. 2. Croghan Kinshela. — Specific gravity, 2*629. This 
granite is composed of quartz^ felspar and chlorite ; the 
specimen examined appeared to be composed exclusively 
of quartz and felspar. From the prreat quantity of soda, 
I infer that the felspar of Croghan Kinshela is prubfibly 
albite. On the northern slope of this mountain are situ- 
ated the old gold streams of Wickiow. 

No. 8. BaUymoty, — Specific gravity^ 2*659. A very fine* 
grained granite, but containing distinctly felspar, quarts 
and black mica. 

No. 4. BaUwnamuddagh. — Specific gravity, 2*670. Aooaxve- 
grained granite, with Iiurge plates of black mica. 

Applving to the preceding granites the method of calculation 
already employed, we fiiid, excluding the granite from Croghan 
Kinsliela^ which contains chlorite in place of mica,— 



Table V.*-Atoms Of Granitic Minerals. 





Atoms of 
silex 
=o. 


Atoms of 
peroxide 


Atoms of 
protoxide 


Atoms of 
quarts. 


Atoms of 

felspar. 


Atoms <»f 
miea. 


BaUynamnddagh... 


1-529 
1-448 
1*490 


0-278 
0-349 
0*844 


0-300 
0-346 
0*828 


0-067 
0*209 


0-343 
0*306 


0003 
0O19 



From the foregoing Table, it appears that the granite of Coah- 
bawn cannot be considered as a ternary compound of quarts^ 
feliqpar and niargarodite, and in fact it contains a sensible qiiaii« 
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tity of a mineral which is either hornblende or chlorite. Galea* 
lalin^ the per-centages of quarts, felspar, and mica of the two 
granites, which may be represented as composed of these mine* 
rals, we find,— 

^ 

Table VI. — Per-centages. 











BaUj'Dtinuddagh ... 


3-08 
9-62 


b4ad 


579 



Whatever doubt may attach to the preceding calculations^ 
owing to the hypothesis on which tlicy are of necessity founded^ 
no such doubi or uncertainty can bcl(»n<r to the results of direct 
experinient rontiiined in Tables I. and IV., whicli have a positive 
value, iiiJcpLiuknt altop:('thcr of the inferences wliich may bu 
deduced from them. From these tables I deduce the following 
as the average composition of the granites of the main chain and 
of the isolated granites : — 

Table V II. — Average CompuaiLiun of Granites. 





Main duun. 


ItKtlatcd. 




72-305 


71-430 




14-251 


13 045 




2-299 


4-470 




1-815 


2-778 




0*110 


0>S05 




4-822 


1-940 




2967 


3-982 






1-240 






09*480 



On exajnining Tables I. and IV\, several interesting differences 
present themselves in the composition of the two irroups of gra- 
nites, in addition to the imj)ortant difference to wliicli I have 
drawn attention with respect to their alkaline constituents j 
but I content myself at pre'sont with establishing this funda- 
mental distinction b( (ween tlie two groups, and thus furni.shing 
an additional proof of the service wliieh may be rendered to 
geological science by the more exact and experimental sciences. 
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V. On Liquid Diffusion* 
By Dr. Abolph Pick, Demonstrator of Anatomy, Ziineh*» 

A FEW years ago Graham published an extensivt' investiga- 
tion on the (lift'usioo of salts in water, in >vhieh he more 
especially eomparetl the diff\i?ibility of different salts. It apj icar.s 
to me a matter of regret, however, that in sue!) nn exceedingly 
valuable and extensive investigation, the dcvciupment of a fun- 
damental law, for the operation of diffusion in a single element 
of space, was neglected, and 1 have therefore endcavoui^ed to sup- 
ply this onnstiion. 

It was quite ii;ifiiral to suppose, that this law for the diffusion 
of a salt in its solvent must be identical with that, according t^ 
which the diffusion of heat in a conducting body takes place j 
upon this law Fourier founded his celebrated theory of lieat, 
and it is the same which Ohiu applied wilh such extraordinary' 
success, to the diflfusion of electricity in a conductor. Accord- 
ing to this law, the transfer of salt and water occurrinff in a unit 
of time, between two elements of space filled witll differently 
oonoentrated solutions of the same tut, matt be, catena paribut, 
directly proportional to the difference of coneentrationj and in- 
versely proportional to the distance of the elements from one 
another. 

In mathematical language this may be thus expressed : — ^In a 
volnme of salt sdntion, let the concentration in each horixontal 
elementary stratum be constant and sy, a function of the height 
4^ of this stratum above any other stratum whidh may be assumed 
as the primary borisontal plane; the limitation being made, that 
the function y must diminish as a? increases, that ia, each higher 
stratum must be less concentrated, and therefore lighter, than 
ail the subjacent ones, because it is only under this condition, 
that the diffusion will not be interfered with by gravity ; then 
from the stratum between the horizontal planes at x and 
x-^ds (in which the concentration is y) there will pass, during 
an element of time dt, into the immediate superjacent stra- 
tum, bounded by the horisontal planes x+dx and x-\-2dx (in 

which tlie concentration y + prevails), a quantity of mdt 

= — Q . . ~ in which Q signifies the surface of the stratum, 

and k a constant depe ink at upon the nature of the substances. 
It is evident that a vohmie of water equal to that of the salt 
passes simultaneously out of the upper stratum into the lower. 
Exactly uccurdmg to the model of iuuiicr'b mathematical 

* ¥nm Poggendorff's Annahn, vol. iciv. p. 69; ■bttracCed md oow- 
mnnirstBd the Author. 
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development for a enrrent of heat^ we can obtain from this fiin- 
damental law for the cUffosion-carrent, the difierratial equation 

when the section Q of the vessel in which the current takea 
place is a function of its height ahove the bottom. If the sec- 
tion he constant (t. e. the vessel cylindrical or prismatic), the 
differential equation becomes simplified to 

It — & ^ * 

Several methods for the experimental confirmation of this dif- 
ferential equation, and coijscquently of the fundamental law 
above advaTiccd, presented themselves. In the first place, by 
integration of equation (2) the expression y=f('T, t) could be 
obtained^ and the calculated value of ?/ ronipared with its ohserved 
value. I have, however, entirely omitted this method, hceausc 
even in those cases in which the integral has a finite form, 
the numerical calculation of a sufficient number of values would 
have been extremely troublesome, whilst other unequivocal p roots 
were possible. For the same reason I al>n lu n onut to d( velopc 
the particular integrals of equation (2) for bpecial eases of diffu- 
sion-currents. 

The experimental }>roofs just alluded to, consist in the investi- 
gation of cases in which the diifiisit>n- current has become sta- 
tionary, m which a so-called dynamic equilibrium has been pro- 
duced, t. €. when the diffiision-current no loncrer alters the con- 
centration in the spaces through wliir}! \t passes, or in other 
^vor(ls, in each moment expels ironi each bpace-unit as much 
salt as enters that unit in the same time. In this case the ana- 
lytical condition is therefore ^^0. Such cases can be always 

prod need, if by any means the concentration in two strata be 
mumtanu'd constant. This is most easily nttaim d 1)y ecrticntiiiiz; 
the lower end of the vessel filled with solution, and m which the 
diffusion -current takes place, into a reservoir of salt, so thnt the 
sretlon at the lower end is always maintained in a state of ix i lect 
sutiiration by immediate contact with solid salt; the whole being 
then sunk in a relatively infinitely large reservoir of pure water, 
the section at the u])per end, which passes into pure water, 
always maintains a concentration =sO, Now, for a cylindrical 

vesadf the condition becomes by virtue of equation (2), 



(3) 



Digitized by Google 



Dr. A. I'ick on LUjutd JJiJj'usion, 



The integral of this equation y^ax+b contains the following 
proposition : — " If, in a cylindrical vessel, dynamic equilibrium 
shall be prodiicedj the differences of coneentration of any two 
pairs of strata must be proportional to the distances of the strata 
in the two pairs,'' or in other words, the decrease of concentra* 
tion must diminish from below upwards as the ordinates of a 
straight line. Experiment fully confirms this proposition. 

For the determination of the decrease of concentration in 
the cylindrical vessel conducting the diffusion-current, T sunk 
into the stratum to be estimated a glass bulb suspended from 
the beam of a balance, and calculated the apecilic gravity from 
the weight which required to hv placed iu the other scale-pan to 
balance the glass bulb. This method creates little conlidence 
at first sight, nevertheless preliminary experiments showed it to 
be sufficiently accurate. The quotation of the numerical rcsuita 
of one experiment may suffice here. 

Difih qfSlraiMM Mom ikt Sm^ket. 
lOmniisia. 82-9 64-4 7^'^ 98« lil*0 14M 195-4 mS 9m SWMIL 

^mifie OrmUjf* of Stratum, 
1-009 1-032 1-053 1-073 1-098 M15 M'35 M58 M70 M87 M96. 

That the degrees of concentration in the lower layers decrease 
a little more >^lo\vly than in the upper ones, is easily explained 
by the consideration, that the stationary condition had not been 
perfectly attained. 

A second case of dynamic equilibrium was also observed, by 
replaeini^ the cylindrical vessel in the above-dest i ibcd airange- 
ment, bv a i nimel-shaped onu with the apex d owmvards. As the 
section was iio^v no ioui^ur constant, the eondititM! Tor tlic dynamic 
equilibriuui was deduced from the more geaerai ci^uation (1) in 
the form 

For a perfect cone with circular base (the funnel-shajyed vessel), 
we have Q = 7r.a^a?'^, if the (iriiriii be ]>laced in the ape.v («t the 
cone, and we call a the tangent ot half the angle of aperture. 
By the substitution of this value, equation (4) b^mes 

the integral of which y'^d^ — - . The two constants e and d 

are to be so determined, that for a certain x (where the cone is 
cut off and rests upon the salt reservoir), y is equal to perfect 

* The exeen of which over uaity is piepertioDal to the ooncemtntum. 
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saturation ; and for a certain other value of which rorrc^ponds 
to the base of the funnel, y becomrn =0. Tn an cxpcrinient 
made with this apparatus, the foUowm^ numerical values were 
obtained ; — 

977 niDiiiii. 7»1 m 109*4 Wl 138-7 158*4. 

ecncmfr&iumy 

<HNN>iiiiniiii. 0<0t9 O-OOO (NMO 0-055 0^5 0>]05. 

CtkukM flffwtw qf Specific GravUp tAvM wdip, 
^050 vmm. ^15 O-OM (H»l <NM8 0-087 O<>70 0*107. 

The determination of the constants for different salts could 
now be proceeded with, — a determination which measures their 
diffusihility, and is txpressed by k in equation (1). It may be 
defined as the quantity of salt which, during a unit of time, 
passes through the sectional-unit, out of one straLuui into the next 
adjacent one, when the rapidity of the diminution of conccntra- 

tkm is equal to unity. Let tlie aeetional-unit be the sec- 

tiou ui our tubes, }. e. the surface of a circle of 1 millim. radius. 

Tlie dimiiiatioii of eoneentration will then be equal to unity, 

if, through a column of liquid assumed permanently constant, 
and the height of which is equal to the linear-unit 1 millim., it 
has for its result a difference of concentration of both terminal 
surfaces of such a character, that the one possesses a concentra- 
tion corresponding to absolute saturation, the other a concentra- 
tion asO. Let one day be a unit of time. 

muee tubes of different lengtba were now amnged exactly aa 
the cylinder and funnel above deacribed, and after the establish- 
ment of the stationary condition, the amount of salt was deter- 
mined which dififused out of the terminal section of the tube in 
measured spaces of time, and which therefore also, in the same 
time, passed through any single section of the cylindrical 
tube. In this case toe whole of the values required for the de- 
termination of k were known, and the rapidity of the diminution 

of concentration especially determinable, inasmuch as 

it produced permanently, throughout the entire length of the 
tube, the dittmnce between perfect saturation below and 0 above. 

It is easy to perceive, that if our law be correct, the amounts 
of saltj passed through the three tubes in the same time, must be 
ioTersely proportional to the length of the tubes ; and that if 
these amounts be divided by the time and multiplied by the 

PM. i%. 8. 4. Vol. 10. No. 68. Jii/y 1855. B 
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length (expressed in miUimetres), the same value, viz. the above- 
defined k, must he obtained for all three tnbos. I here annex a 
short table of the best cxpcrinirntH with common salty to which I 
have hitherto couhued my atteatiou : — 



Temperature C enti- 
gnidc during the 



Not detennined. 

ir-5 — 18°'5 
iro — 22'0 



kf calculated from tbe 
qiuuititT which passed 



1171 
967 



1079 
1071 
1114 

11 44 
11-89 



k, calculated from Uie cakuUttd irom the 
quanttt? which pa«Md quantitj whirh p^o!icd 
tiuaiifb Um m9dmm through tlw •kortut 



1236 
1) 70 
9-57 
9-94 

•••>«• 

11-08 
ii'*38 



11-08 

9-30 



«••••• 

1040 

UHli 

»•»•*• 

in? 



If we take into consideration the unavoidable aourccs of error^ 
a nearer identity of nambers could scarcely be expected. The 
table shows, as might be already ex|ieeted from Graham's ezps* 

riments, that the value k increases with increase of temperature; 
probably, however, this dependence upon temperature is not a 
simple one. On t^^^clations of k to other values expressing the 
csseiitial properties m' hoibf "?, ns, tor instance, to atnunr wciG:ht, 
nctliinir cnn bp until extensive series of exprririu^jits with 
ditlerent subslances have been matle. It is now of importance 
to make the views thus (fb twined iuniish an insight into the dif- 
fusion of salt solutions throatrb porous partitions. Brttcke* first 
made an attempt to give a nieehaiiieal explanation to these phae- 
ncjuicna. He went upon the assumption that the substance of 
the partition attracted the particles of water inore stroni^ly tb;iu 
the particles of salt. This assumption gamed impoi-tant support 
from the expenmeuts of Ludwigf and CloettaJ, who found that 
the solution of salt, imbibed by an animal membrane, was richer 
in water, and poorer in aalt^ than the solution m which the 
membrane was immersed. Briidce'a theory^ which was only 
indeed obscurely intimated^ can be more elearly determined by 
the bdp of our fundamental kw as follows. 

Let us imagine a cylindrical pore of the radius in a mem- 
brane which is immersed in a saturated solution of a salt, and 
let us assume with Briicke, a stronger attraction between water 
and the molecules of the membrane, than between the latter and 
the salt molecuies} then the density of theaolutioii in each oon- 

• PoggendorflF's Annalen^ vol. Iviii. p. 77. t Ibid.vol.l»viiL p. 307. 
^^^Experimentt on Diffusion through Membranes with two Salts. Ziiricb, 
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centric cyliudrieai fiini ot radius r, of the porous partition will 
evidently bf* constant, and =/(p— r). Respecting the nature of 
this function, it can only be said that its value for r=p, which 
is equal to 0, and that from this point it must increase (probably 
very rapidly) with the decrease of r; but if necessarily under all 
tiicunistanccs for r = (), it must be increased up to the density 
of the circumambieut tooliitiou, is Icit undetermined, and appears 
to me, in fact, for yery narrow pores very improbable. In a 
word, the density in the pore will increase from the wall towards 
centre, and m the cyfindrieal film of the radius r there can 
eertaialjr ooenr no hi^er ooncentration than fip—r) ^but poa* 
iihiy a lower one). The radius p of the pom mnit be imagined 
•o amall, that a filtration of liquid, by virtue of their eohesiony 
together with the attraction of the mernhnmeitaelf, is prevented^ 
Ofen nnder high presiine ; and that aho equalnation of the dif« 
ferencea of pieasoxe when liquid ia present on both aides of the 
norooa membrane, if possible at aii, ia only so in a relatively 
long apace of time; fiirther, that currents of mixture, by virtue 
of the vanationa of specific gravity within the pore, cannot 
occur. 

Let us now auppose that a membrane of thia description sepa* 
rates a saturated solution of salt from pure water, and further, 
that the former is above, and the latter under thin horizontal 
membrane. In any cylindrical pore of the .^aid membrane, whose 
mdiu^ may be asraiTi =p, let us suppose a concentric elemental y 
stratam, bonndf ci hv two cyhiHlrical tilms infinitely near to each 
other, the radii ( t whuh arc respectively r and r-j-di\ At the 
upper extremity, the highest possible concentration, /{p—r), of 
the layer will immediately hr. produced. On the other hand, the 
lower extremity, by imnu diate contact with a relatively iiitinite 
quantity of pure water, \\ ili he constantlv niuintaintd at a con- 
centration =0; and when a isLuUonary conciition is bronprht about, 
the dearrees of concentration, within the assumed elementary stra- 
tum, must likcreusc irom Oto/(p— 7*), in proportion to the height 
above the lower boundary surface of the membrane. This arrange- 
ment would have the effect of producing a diffusion-current in the 
d c Di e ata ry stratum, which, according to our lawa, would deliver 

a quantity of salt 2w . A . ^ dr downwards, and an equal 

volume of water upwards, if we understand by ^, as above, the 
diffuaion-constant for the combination of aalt and water in 
queation, and by k the thickness of the membrane, consequently 
tbe length of the pore. No regard haa been paid, however, to 
the retardation which the flowing mbleculea auircr from the 
attraction of the substance of the membrane along the stdea of 
the pom ; it ia certain, however, that the tdlal quantity of salt. 



Digitized by Google 



ac Di*. A. Fick on lAqM Diffusum, 

pMted through the entire pore, could not be greater than 

But the passage of the water to the other side requires a sepa- 
rate consideration. We have seen, namely, that at the upper 
extremity of the cylindrical stratnm-nnit, with the internal 
radius r, iio higher concentration could take place tliaii /Tp — 
which is certainly less than perfect saturaLiun, and, iii fact, 
becomes proportiunally smaller the erreater r is assumed to be. 
If, as we suppose, a relatively inexhaustible volume of saturated 
solution (obtained by the addition of cryBtals) be present on the 
upper side of the membrane, then, at the upper extremity of our 
ekmentaiy atratiwi, there moat take place a sudden increase in the 
conoentration,from /(p — r] to perfect saturation. If we assume thai 
thia is the case for the first moment, there will now he, according to 
the general principles of diffusion, from the dementaiy stratum a 
relatively (in comparison with the amount which a continual trans- 
ition of density requires) infinite quantity of water required, and 
an equally infinite amount of salt forced in. The latter will be 
inevitably hindered by the nature of the membrane, and tlu 
excess of salt forced against the pore must in some way glide off 
laterally ; on the other hand, more water, than the arrangement 
of the densities in our elementary stratum requires, can easily, to 
a certain extent, be drawn through towards the denser solution, 
so that in the pore, the particles of water move upwards with a 
greater velocity than the particles of salt move downwards. The 
excess of water now spreads out on all sides, into the saturated 
solution (as the mouths of the pores must lie at a certain distance 
from each otlier), partly by diffusion, partly by mixing streams 
proceeding: I'rom ditferenee of s])ecitic gravity; until a stationary 
condition has been in such a way produced, that a conical space 
increasing upwards is supported upon the upper annular section 
ot the elementary stratum, in which spac • the concentration 
j p — r) increa:se^ to perfect saturation, and which determines 
ft diffusion-current of sucli a strength, that thereby exactly 
as much water is passed upwards, as in the same time can dif- 
fuse itself into the reservoir of saturated solution fix)m the 
upper end of the space, without changing the concentration. 
Tnen the above-mentioned space would evidently be immedi- 
ately lengthened upwards, (and thereby the intensity of the dif- 
fusion-current be diminished) so soon as more water passed 
through, and therefore the concentration at the upper end of the 
space continues to vary ; and if, on the contrary, leas water 
passed upwards, sudden transition of concentration must imme> 
aiatdy occur in certain places, which sudden changes determine. 
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as it were, a diflfusion -current of infinite strength, and therefore 
again jQiincdiately draw the requisite quantity of water. Now 
this (juantity nf water, which, cctter-if paribus, during I lie unit of 
time, can diffiise itself into the saturated solution without st-nsibiy 
altering the concentration at that point, depends upon tin easy 
mobility of the partirh's of the solution. The space in which 
the compensation takes place inu>t therefore also be, ccttcris 
paribus, so much shorter, and conaeqiitntly the stream of water 
tovvauls the saturated solution stronger, the more easily mobile 
the particles of the solution are. 1 wah unable to verify this 
theoretical conclusion by ducct experiment. I expected that the 
excess of water passing through the membrane^ above the quan- 
tity of salt passing in the contrary direction, must be found 
mach smaller, when the mobility of the upper solation was im- 
peded by the addition of chalk magma. No such diminiition 
of this excess, however, could be remarked in the experiment, 

A second conclusion from the hypothesis just developed can 
be thus expressed : the excess of the diffusing water, above the 
salt passing in the opposite direction, is smaller, the wider the 
pores of the separating partition. Or if, according to Folios* 
method, we define, as the endosmotic equivalent, the quotient 
obtained by dividing the amount of water diffused by the qtuin- 
tity of salt contemporaneously passed^ the endosmotic equivalent 
is smaller the larger the pores of the partition. This conclusion 
is confirmed by experiment. Two membranes, which difier only in 
the diameter of their pores, cannot, it is true, be obtained ; never- 
theless we are safely warranted in assuming, that a transparent 
film of collodion ])0ssesses pores so very rnucli narrower, than an 
animal membrane formed of interlacing libres, that all other 
ditlerences between the two tissues influencing diffusion, disap- 
pear in this difference of the size of pores ; in fact, an animal 
membrane was luund to possess a very much smaller endosmotic 
equivalent than a eollodiou hliii ; for whilst, by the use of pii^^s 
bladder, only from 1 t > (> times as much water as common salt 
passed through, thi k (Utiuscd through a collodion film, during 
the time that an impuiulerable trace of chloride of sodium passed, 
a cx>nsiderah]e quantity of water, probably many thousand times 
greater than that of salt. 

Let us now suppose, that, instead of pure water, a solution of 
a certain concentration c of the same salt which is present on the 
upper side of the mranbrane in concentrated solution^ be placed 
on the under aide of that membrane^ then the following consi- 
derations present themselves. All the elementary strata, from the 
wiJl of the pore, to an imaginary cylindrical film of the radius r, 
that r)=c, can only be filled from the top to the bottom 
* PbggenderiTs ifmialeii, voL buniii. pw 361. 
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with Rolntion of the tlicrc kir/hest possible concentration, and 
cannot therefore givo origin to a usual double diffusion-current. 
Wntpr will, however, jiass over from the lighter to the dt-nser 
BoiutioT), because n i'owc oi' ^nct'um ro!Tip« into plav on earli side 
of the membrane, pr()])()rlional to tlic tbllcn iice ui concv utr ilionj 
consequently a Rtmn -er force at the upper side conT>-])"iidiog to 
the §atnrated solution. On the other hand^ all those hirata lying 
nrarrr to the axis, behave exactly in the above manner, with the 
single difference^ that in them the concentration, instead of in- 
creasing from 0, now increases from below upwards from r to 
the respective maxima, and consequently an absnkucly vs i aker 
diffusion K:urrent is produced. Tt therefore foliowb in thi^ i . 
that in places where, in the first instance, salt passed to tbi 
«ide and water to the other, only a single diffusion ui wait r takes 
place, consequently the proportion between water and suit (the 
endosmotic equivalent) mu8t be greater here than there. If, for 
instance, €'>■ (p — r) (which is possible in the case of very fine 
pore«), no saii whatever could pa.«s through; the endosmotic 
equivalent would be = go, oi the current onc-siUcJ. 

This eonelusioii also confirmed by experiment. Even the 
above-cited experiments of Ludwig .iiui Cloetta intimate tlii^ to 
be the case. I have myself obtained still more decided results. 
A membrane which gave an equivalent between 5 and G, when it 
separated a saturated solution from pure water, yielded an equi- 
valent = 11*05, in another case even s 17*05, when the pure 
water was replaced by a solution of common mH of 22 per cent. 
Liatl^, if we analyse the case in which, instead of a aatar at e d 
■olntioB, a dUnte one be placed above, and again pim water 
below. I4et us again expresi the concentntkm oC the upper 
eolation bj c. Evidently in an axial eylinder whoae ladioa r ia 
ao great, as exactly to make /(p— r)sc, tbe oonoentration from 
the lower to tbe upper end, ^vill now regularly inereaae £roin 0 
to 9, and a uanal aiffuaion-eonrent take place, whidi will paaa a 
volume of lalt downwards, exaetly equal to tbe volume of water 
propelled upwards. Onlj in those layers situated nearer to the 
wall, can the oonoentration at the upper end never lisa to e, and 
there will thefefore pass through these Imn a]oiie» aeoordingto 
the previous oonsidmtions, more water than salt. The ladiosri 
of the abov^mentioned axial eylinder, ia evidently as much gieater 
as 0 is smaUor, therafore the endosmotic equivalent ninat also 
deersase very rapidly with c; and we migpt exnect that» te 
moderately sDudl values of e*, die endosmotic equivalent would be 
iaond smaller than unity (because a volume of sslt wei|^ more 
than an eaual volume of water). Lndwig's experimente with 
comm on salt are perfedtly in aeeordance with this conclu^on ; in 
~^lAMaes in his experiinants^ the oqmvalaiil snnh from 4 to 1 
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when the concentration of the uppe r <'>lutiyn wns decreased from 
saturation to 2 per cent. My own exj)erinients in the same 
direetinii with common salt gave a purely negative result, as the 
equivalent was not perceptibly decreased. 

The compariaon of the cxperinieuU adduced uIjonc with the 
hypothesis developed ou the foundation of the diffusion law, 
shows, though not absolatel^, that the truth of this hypothesis 
may be detommed ; and it u in fact highl;^ probable that, with 
or withont modifioitioD, tueh an hypothasia may aerve as the 
fimndmtion of a anbBaqiiaiit theory of thaaa very dark plua* 
nomena. 



VI. Muijfmi ofLmnite ftwn CrnmrnU, 
By Dr. Hsdou^. 

THIS mineral was sent me fur analyj^is by Mr. Grepr, under 
the hope that it uii^^bt prove to be a new iihosphcitc of 
cupper. It is doubtful from which of the Cornish mines it was 
procured, and the speeimen in ^Ir. Gre^s collection is, as far as 
is known, tlie only one which was found. 

The tepecimen consists of aggregated congeries of minute 
spheres, the structure of which is radiated, ite specific gravity 
is 4*25 ; little dej>eudeuce can, however, be placed upon thia 
detemunatioQ, as it was found impossible to tree the snecimen 
£rom air, and minute crystals of quartz were imbeddea in the 
ass. 

The powdered mineral absorbs '28 per cent, of moisture. 
Aualysia of 34 grs. : — 

Oxide of copper . . 68 1.'^ 

Phosphoric acid • . 2273 

Water 8-51 

SiHca '48 



99-85 



The silica waa meehanically mixed. 

Thia aubstance occurs in few localities. By this analysis a 
new one is given, and the mineral is now for the first time 
noticed as a British species. 

* Commimwated by the Autbot. 
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VII. On the Sponiatieous Decmnposition of certain Stt^hO' 
metliylat€9. By Aethvr U. Chubch, Eiq.* 

IN the latter part of June 1853, I prepared a quantity of enl* ^ 
phometbylie acid, and nentmJiang themiztareof mnhiirie * 
and Bulphomethylic adda with finely-powdered native carbonate 
of baryta of onusnally excellent appearance, expected to obtain 
Bulpbomethylate of baryta not far from pure ; bat the carbonate 
of baiyta was contaminated with a considerable amount of car- 
bonate of lime, consequently the product was a mixture of sul- 
phomethylate of J)aryta with the corresponding lime-salt: thai 
this was the ease I did not discover, howeycTi until the present 
year* The mixed salts, crystallised, and dried between bibulous 
paper, were set aside and forgotten until April last. The weight of 
the salts was not less than 380 grms. The general formula of the 
sulphomctliylates, dried as just ment ioned , is C^IFM2S0'* + 2aq, 
The loosclv-stopperrd bottle containing the salts liad been ex- 
posed ill ditiuseddayiight for aprrifnl ot twenty-two inontlis before 
it was disturbed. At the end of tliis time complete decomposition 
had taken place, the bottle no longer contained a trace of the 
original salts. At first three-fourths, the bottle was now little 
more than half full ; the upper portion of its contctits was a 
yellowish liquid of disagreeable odour and acid reaction ; the 
lower was a white, apparently amorphous solul, but on this last- 
mentioned substance there rested a crystalline crust, and from 
this numerous distioct crystals sprang, their bases remote from 
the light, and their summits inclined towards it. 

And first of these orystals^ which were peifectlv transparent 
and colourless. Their hardness exceeded 1*^*6, Init was less 
than 2°. The specific gravity of different specimens varied be- 
tween 2*21 and 2*825. One of the largest crvatals was 61 mil- 
lims. in length and 2*6 millims. in breadth. The oyatals belong 
to the oblique prismatic system, and exhibit many interesting 
modifications ; their behanonr in polarised light was tiie same 
as that of selenite. In some aspects their lustre is pearly, in 
others vitreous. A (qualitative examination indicated the presence 
of calcium, sulphunc acid, and water; whUe the quantitative 
estimation of these constituents in the ciystals dried over sul- 
phuric acid gave me the following numbers 

*5015 grm* furnished '2902 grm. of CaCO^. 
•3031 grm. furnished -41 grm. of Ba 80^. 
*244B grm. lost on ignition '0514 grm. of HO. 

These results correspond with the following pcr-ccntage com- 
position 

^ Communicated by tho Aothor. 
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Experiment. G«S0^+2iui. 

Ca 28150 23*256 

S0« .... 55-724 55*814 

HO .... 21000 20-080 

99-874 lOOUOO 

The crystals were not altered by an exposure of two hours to 
a temperature of 100^ C. j heated a few degrees above this point 
th^ lose water^ becoming milk-white. 

The white amorphous powder filling the lower part of the 
bottle was sulphate of baryta, but occurring here ana there in it 
were botryoidal masses of granular sulphate of lime* An ana« 
lysis of UuB sulphate gave numbers approaching somewhat closely 
to the formula 2CaS0^+aq; a sulphate of linie having tboa 
formula has been observed occurring as a grayish ciystalline 
deposit from a boiler working under a pressure of two atmo- 
spheres'^. 

The crystslline crust from which rose the prismatic crystals 
already (Mscribed, was also sulphate of lime, of the formula 
CaSO+2aq. 

The yellow fluid previously mentioned was thoroughly ex- 
amined. Its reaction was strongly acid : on the addition of pure 
precipitated carbonate of baryta, an escape of carbonic acid took 

glace and a heavy powder was precipitated, this was separated 
y filtration and proved to be sulphate of baryta. The filtratCj 
now perfectly neutral, was introduced into a retort and distilled; 
water having a slightly aromatic odour collected in the receiver; 
the residue in the retort solidified on cooling to a mass of colour- 
less crystals. From this substance, recrystallized by means of 
alcohol, dissolved in the smallest possible quantity of water, and 
separated again by spontaneous evaporation of the water, the 
following analytical result was obtained, the crystals having been 
dried between folds of bibulous paper: — '415 grm. of salt gave 
'2445 grm. of sulphate of baryta, corresponding to 58 91 per 
cent, of Ba SO*; theory, as C« Ba 2S0^+ 2aq, requires 59 02. 
A second analysis, for which a portion of the salt dried at 100"^ C. 
was employed, gave me the following numbers: — '5605 grm. of 
salt furnished '3637 grm. of sulphate of baiyta, corresponding to 
64-88 per cent, of Ba SO-*; theory, as C»H»Ba2S0 *, requires G I -O. 

The saturated solution of this salt i-^ not altered hv prolonged 
ebullition, and the crystals may be lu atod above 100"^ C. without 
becoming acid or otherwise dr cmnjiusing. 

The final products of the spuuLaucous decomposition occurring 

* JohnttOQ, Fhil. Mag. vol. xiii. p. 325. 
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ill the ijiLXture of th" snlphoinethvlaies of lime and ban ia"^*, are 
tbuLS well-erysiailizcj ^Tilphateof rmc, sulphate of bar\'ta.. water, 
trace* of an oily f^'.>r^jus bf>dy, ^iih (ixk- >ulplianc and sulpho- 
£nethy!i<' add^, ^Le baryta sii'r « f i.ii> ia^i acid ditfcrin:: in many 
re«]>f-ct«. from lb*; ordinar}' sulpijoiiuthylate of baryta althoiiirh 
it^oajeru' with it, I term it psronsionailj ^-eulpbomethylate ol 
barvta. 

This baryta alt evidently corre<|K>nds iii the Uiethyle scries 
with tbc stable '^ulpba-ihylatc (parathiocate) of Gcrhaidtf, ob- 
tained from ordiiiary sulphaethylatc of baryta by repeated ebul- 
lition aud neutralization with carbonate of ban'ta of its concca- 
trated aqufoiis solution, and which more recently has been 
identified by Berthelot J with the sulphjcthylate of baryta obtained 
by saturating witli carbonate of baryta the mixture of 4 vols, 
gulpharic acid and 1 vol. alcohol, wliicli La- been enij)loved in 
making olefiant gas, or t:ie solution of that gas in oil of vitriol. 
My opinion is also confirmed by the following experiments : — if 
to a strong aolutiun of ordinary sulphrethylate or sulphonicthylatc 
of baryta a solution of protonitrate of mercury be added, a gray 
or slaty precipitate occurs — with the parathionate of Gerhardt, 
with the eorre8p<HidiBg methyle compound which may be ob- 
tained by the Bame method^> and with the /9-«ulphomethylate 
of baryta the precipitate is white. Hie two kat-mentioned salts 
are in fact in every respect identteal. 

If the analytical resolta did not forbid soch a view, it might 
have been imagined that the modified or stable bei3rta salt was 
really not the sulphomethylate, but the hyposulphomethylate of 
baryta, fbr an aqneona aolntion of thia latter aalt, or indeed of 
any of its analoguea aodhomologaes, is quite unalterable. , Snl- 
phomethylie acid bears the same relation to hyposulphomethylie 
acid as enlphophenie add does to sulphobenaolie aeid, and it 
may not be uninteresting to present in a tabular form some 
relations between these two senes. In the first eolnmn will be 
found the formuls of a series of baryta salts^ the aqueous solu- 
tions of which are not alterable by ebullition — a series where the 
proportion of sulphur to oxygen in the dry salta is as 9 to 6; 

* For an nccoimt of the spontaneous^ flernmpositiou i)f certain sulpbo* 
vinaU!8, tee Marehuud in the Journal fvr Frakiische CAmitf, xUv* I2i- 

t Compt. Rend. de$ traoutu dt Chimic, 1845, p. 1/6. 

i Annulea d$ CkwUe et de Phytique, 1B55, p. 392. 

I In 1H53, at the suggestion and under the direction of Dr. TInfmann, I 
prepared this salt and submitted it to a complete analysis. It is identicml ia 
compo^jitinti wit)) ordinary sulphomethyUte of barj'ta C- IP Ba + 2aq. 
AUhuugU It iH only rtct^utly that the luetamorphoscs of the sulphaL'thyUttrs 
have been accurately studied, it would appear to have long been knonn 
that aqueous solutioni of the sulphomethyjates undergo by ebullition nnular 
cbangei, and yield produets eiactly analogous to those of the Rtbyle nits. 
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in the second column another leries is given of nltt ^beom- 

posablc by ebullition of their aqueous solattonOy with Mpanilion 
of sulphate of baryta^ and formation (in most cases) of new acids, 

and in which the proportion of sulphur to oxygen is as 2 to 8 : 
the observations were made in all cases wnth baryta salts ; where 
an asterisk is jnefixed, the experiment was either made for the 
first time or repeated by myself. 

I. 

*C2 IP Ba2S0^. 
(Ilj'jwsnlphomethylate (^f l)aryta.) 

*C»«H»Ba2S0^. 

(Snlphobenzolatc of baiyta.) 

*C'< irBa2S08. 
(Sttlphotolttolate of bsiyta.) 

«C>«H9Ba2S(F. 
(SulplMNcylolsle of baiyta.) 

tC»«H'»Ba2S0-^. 
(Snlphooamoltte of bar^-ta.) 

t*C»H»3Ba2S03. 

(Sulpho<*\Tno!ftte of barvta.) 
(Sulphonaphtbaiate ol baryta. ) 

The eiperiment might no doubt have been tried with many 
other salts of similar constitntion with analogous results. 

In column U.^ by the ebullition of solutions of the salts 1 and 
2y modified stable salts may be obtained ; a similar aetion pro- 
iMtblv takes place with salts 8 and 4, for the solution of ordinary 
sulphamylate of baryta sives a blue*gray precipitate with proto- 
nitrate of mercury, whik the salt obtaiued by boiling* kc* the 
solution of sulphamylate of baryta jpvea a white precipitate. - 
The metamorphosis of sulphamylate of baryta takes place readily 
on heatiug in an oil^bath the solution of this salt enclosed in a 
sealed tube; with aulphophenate of baryta under timilar con*- 
ditioiiSy regeneration of phenyhe alcohol takes place : 

H* Ba 2SCM + 2110 = C IF 0' + 13a SO* + HSO^ 

The relations of (ethyle, Ice. to phenyle are very remarkable. 
The ooosideration of these analogies is likely to lead to many 
interesting results; for instance^ phenate of ammonia^ when 
heated in a closed tube, is well known to be resolved into aniline 
and water, and I have found that an exactly analogous reaction 

t OsrhaidtaadCshouNtMtede. | Oerhsrdt. i 6artliek>t. 



II. 

*C«n8Ba2SO*. 

(Sulplionu'th} latf of baryta.) 

j*C'*H^Ba2S0'». 
(Sulphoitbylate of baiyta.) 

§C«H7 Ba2S0^ 
(SulpbopropyUte of baryta.) 

*C»H"BaSiSO*. 
(Salphsinylsle of baiyta.) 

*CiMl^Ba2S0*. 
(Sulphopbenate of baiyta.) 

*C»MrBa2Sa». 
(Sulphutolucuyiutc ul burytu.) 
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takes place with scthylate of ammouia ; the loUowing equauoas 
represent these changes : — 

C^^ IP NH-* 0^=G>« H7 N + 2H0 

^thylate of anmionia may be prepared by the action of sul- 
phate of ammonia upon potassium-alcoboL Also we might hope 
to obtain sulphobenfolic acid, G^*H«2S0> by the action of 
nitric acid on sulphocyanide of phenyle, just as hyposulphsethylic 
acid is obtained from the corresponding sethyle torm. A more 
extended study too of sulphophenic acid and its denvativeawonld 
be of great interest. The action of sulphiethylate of silver upon 
iodide of mcthyle, and of sulphomethylate of silver upon iodide 
of acthylc, gives rise to products now under investigatioiiy 
products which no doubt have their representatives in the 
phcnyle Kerics. A digestion of sulphactbylate of silver with iodide 
of ccthyle appears to yield an oily substance, probably sulph* 
sethylate of rethyle (sulphate of sthyle), to the presence of whieh 
in Bulphiethylates undergoing decomposition, their peculiar odour 
is perhaps to be attributed, and from which by further change 
parathionie acid may be derived. 

June 1865. 



VIII. Proceedings of Learned SocMes. 

ROYAL SOCIETY. 

[Continued fipom vol. ix* p* 644.] 

March 22. 1855.— The Lord Wrottesley, President, in the Chair* 

''pHB followhig communications were read : — 

** Oil the Anatomy of Nautilus umbilicatuSf compared with that 
of NoMtUuM Pompilius" By John Denis Macdonald, Esq., VLS, 

During a visit of H.M.S.V. * Torch ' to the Isle of Pines in July 
1854, a recent specimen of NmUihts imMieatM was picked up on 
the outer reef off Obsen^tory IsLmd. It was alive what brought on 
board, hut was too much exhausted to exhibit active moTements. 
Part of the hood ap[)Cfirod to have heen eaten away behind by some 
predaceous enemy, but in other respects the animal was perfect 

The body when retracted lay more deeply in the shell than that 
of N. Pompilius, so that no | iai t was visible in a lateral view, and on 
uccuuut ui the great deptli oi the chamber of occupation the orifice 
of the siphuncle in the last septum could not be seen when the soft 
parts were removed. As to this difference, however, the author ob- 
serves that it may depend on the time elapsed since the formation of 
the last partition. 

Apart from the shells, the author finds a dose resemblance be* 
tween the corresponding parts of the two s>pecies. 
It The specimen of N, umbiUcatus examined proved to be a female. 
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a fact which may serve to modify the \'ic\vs of those who, adopting 
the ?j>eculatious of D'Orbigny on the scxc? of the Ammonites as in- 
dicated by the characters of their shells, apply them also to the 
several kinds^ of Nauiili known. 

The body of N. umHlicahu is larger aad more elongated than 
that of ^^. PcmpUku at it ooeois in the South Seaa, although the 
•peciinena of the htler apecies brought from the Chineie Seas muoh 
exceed both io siie. In the N. umbiUcatus^ the longitudinal lamelhe 
on the median lobe of the external labiid proceasea are divided by a 
wide groove into two lateral sets, and the corresponding lamellae be* 
tween the intornql Ipibinl processes are about seventeen in number 
and of considerable thickness. In iV. Pompilius, the latter himeila? are 
much thinner and more nuraerou?, and the lateral sets of tiie former 
are united together in the median line, commencing anteriorly with 
an azygos traoBverse lamina. In both kinds, however, the corre- 
sponding tentacula may be distinctly traced out, with only such 
minor ^ferences aa might be expected to occur In different tpeei- 
mena of either separately; the dtgita], Ubial and ocular groups 
agrctti^ sufficiently botli ns to number and character in the two 
cases, considering the liability of these parts to slight modificationa* 
from arre!^t of development or redundance, in the same species. 

Referring to former observation? of his own on the eye of N. Pom- 
pilius, the author observes that tliey closely apply to *V. urnbiiicatus, 
which affords confirmntion of his opinion that the j)igmentary coat- 
ing is subjacent to lae retina, lie huds no vestige of a lens, and in 
place of vitreous humour, a mere tibcoos matter protecting the 
retina from the sea-water. 

The organ of hearing, which had escaped detectian in the speci- 
men of N. PmnpUius dissected by Pkofrssor Owen, altered as it 
doubtless had been by long immersion in spirit, was discovered in 
the example of N. urnbiiicatus examined by the author. It consists 
of two spheroidal acoustic capsules ])lnred, one on each side, at the 
union of the supra- and subcesophageai ganglia, and meaisuring about 
one-twelfth of au inch in diameter. Each capsule rests internally 
against the nervous mass, and is received on its outer side into a 
little depression in the cephalic cartilage. It is enveloped in u kind 
of fibrous tissue and filled with a cretaceous pulp consisting of mi- 
nute, etliptical. otoconial particles, presenting under a high power a 
bright point near each end, varying much iu sise, and sometimea 
combined into stellate, cruciform or other figures. Cilia were not 
observed within the capsules. 

The inside of the mouth is furnished with tliree groups of papillae, 
one of which o^cvi]>ioB the median line between the orifice of the 
toni:sie-sac and coinmeacen»ent of the oesophagus. These lingual 
pupdlse. as well as the rest, arc clothed with long and slender 
columnar epithelium-particles. 

The author agrees with Mayer in regarding the well-known folli- 
cular appendages of the afferent branchial vessdb of the Cephalo- 
poda, as peifi>rniing the function of kidneys, but admita that they 
may ako serre, by altering their capacity^ to regulate the amount of 
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blood passins; thronprb the branchite under chari2;f»« of pressure to 
which the ammal may be subjected at diHerent (kjaiis. These fol- 
licles are suhcylindrical in forio, and somewhat dilated at the free 
extremttyt to which is apjiended a folM and Iminel-tfa^pfd prooew 
cf .meanbraiM whiofa axpandt nrther middtiily and presents a j«gged 
border. They open by an oval or slit-like orifice into the afferent 
branchial vessels, on each of which, as Professor Owen has observed, 
they nre disposed in three" r1u««ter«. The outer membrnne i«? smooth 
and glossy, homogeneous in structure, and sprinkled over with mi- 
nute, rounded, transparent bodies, resemblinr? the luu lei of ceils. 
Beneath this layer, flat bundles of fibres, uppHrently muscular, art 
traoeable here and there, principally disposed in a longitudinal direi* 
tioD, and sometimes branehed. Ttie lining membrane consists of a 
loose epithelial pavement, similar in many fespeots to that ol the 
uriniferous tobnles of the higher animaU, the cells ooataining, be> 
sides the nuclei, numerous minute oil-globules, or a substance much 
resembling concrete fatty matter. This membrane is thrown up 
into very numerous pRpilInc and corrugations, so as Grrciitly to in- 
crease the extent of surhu e. I he papilla; are more nmnorous l0« 
wards the attached end, aud a cucicC of longitudinal folds, with 
truisvefse zigzag corrugations, radiate from the bottom of the fol« 
lide» in whtdi a numbn of small pita or fenestrations are sometimes 
▼isible. The funnel-shaped membranous process above noticed is 
continuons with the lining membrane. The cavity of each follicle, 
therefore, communicates M'ith the exterior through the centre of this 
process, and tlje aperture is thus guarded by a kind of circiilnr valve 
permitting the escape of i^ecreted matters, but efifectualiy preventing 
the entrance of fluid from without. 

Some considerations are next ofiered in support of tlie view 
adopted ea to the functions of these Yaseular appendages. 

Lsstly, on the question whether the peeuUaxitiee of straoture te* 
cognised respectively in N. Pompiliut and AT. ^mMHcahUfin 
cient to establish a difference of species, or are attributable merely to 
variety, the author observes, that any tendency in n heinj» to revert 
to an original type, when such has been dcteruiincd, betrays variety; 
but this tendency is never manifested in the NautUt under consider- 
ation by the occasioxiul occurrence of specimens presenting charaC' 
ters which place them intermediately between N, PmpUius and 
uwMieaiitt, Having visited the Fijii Islands sinoe he formerly 
wrote on N» Fon^niuu, he finds that the umbiiioated NtmtUi are not 
known to the natives, although iV. PmnfUimM is very plentiful ; but at 
Fatuna or Wallis's Island, where both are found, the people recog- 
nize the difference between them depending on the presence or 
absence of umbilical pits. On this the author remarks, t!mt although 
particular localities, with all attending circumstances, may favour 
the production of varieties, yet the permanence of the distinctive 
charactsfs of these NmiiUi without symptom of amalgamation, and 
the discovery of a iemsle specimen of AT* wmHUeattu, are stniog 
aiiguments in support of the view that they m disttnet species, 
though tery closely allied. 
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" On a Class of Differential EquatioriB, includincr those which 
occur in Dynnmical Problems." — ^Part. II. By W. F. Donkio, M.A.» 
F.K S , F.R.A.S. tkc. 

This is the second and concluding part of a pai)cr ol wiucli the 
first part was printed in the Pliiloaophical Transactions for 1854. 
la the fourth section (the first of this part) some of the most import- 
ant ranilti of the finniflr part are raeapitnlafeed. 
^ In the fiftheeetioii the theory of the Variadoii of ^mente it eon* 
■idmi under that aspect which helongs to it in connexion with the 
genaral methods of tiiis paper ; and the facility of its applicatioii is 
■hown in two instances : ( 1 ) the expressions for the variations of 
the elliptic elements of a fii^^iurbcd planet's orbit arc deduced from 
the result? of Art. 30 (Part I.), on undisturbed elliptic motion; 
r2) tlio ])r()l)Iem of deterrnininc; the motion of a free simple pendulum 
(omittiriL! tlio effect of the earth's rotation) is treated bv considering 
the urbit uf the projcctiun ui the bob upon a horizontal plane a^ a di«< 
tubed ellipse. The difierential equations wbleh define the variationi 
of the clemente of the dlipte are giren in a rigorous form, and inle> 
grated appioiioiatdy lo as to give the motion of the apsides of tiie 
mean ellipse in any case where the pendnlam never deviates much 
6om the vertieal, and the motion is not very nearly circular. The 
result agrees with the conclusions of tlie Astronomer Royal (Pro* 
ceedincTs of the Royal Astronomicnl Society, vol. xi. j>. 160). 

In the fifth pcctiun the transforinution of the differential equations 
by the subaliluLion of new variables is consicii red, and particularly 
that kind of trausformatiou» called by the auLlior a normal trans' 
formation, which leads to a new system of equations, not merely 
possessing the same general form as the old, but distinguished also 
by other common properties. A definition is given of those trans- 
Ibnnations which may be properly called, from analogy, transforma* 
timu af coardiiuUet, snd it is shown that all transformations of coor- 
dinates are Rormal, General formulae are given for trsnsforming the 
equations of any dynamical problem from Jixcd or moving systems of 
axc3 of coordinate" ; and an illustration is drawn from the case of the 
motion of a planet referred to axes in the varying plane of its own 
orbit. 

ill liiu scvcalli uiid last section the princijples of transformation 
developed in the preceding section are applied in a more general 
manner to the differential equations of the planetary theory ; and it 
is shown that when the motions of a planetary system are referred 
to a system of rectangular axes having their origin in the sun, and 
otherwise moving in any arbitrary manner, the variations of the ele* ' 
Bents will btill be determined by the same formula: as if the axes 
were fixed, provided there be added to the disturbing function R, for 
each planet, the exjiression 

V^fM(i — e^) . (k>Q sin y sini— fitfi COS r sin I -t-or, cos i)» 

in which i is tlie inclination of the orbit to the (moving) plane of «y, 
the longitude of the node reckoned from the axis otx, and »q, w^, tv^ ; 
the angular velocities of the moving system of axes about the three 
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axes themselves. In this expression w,,, Wj, uj.j may be any arbitrnry 
functions cither of the time or of tlie elements; but in any case these 
functions are to be exempted froin diiiorcntiatioii with respect to the 
elements in taking the [lartial ditfercntial cocfiicientQ of the disturb* 
iag fanctioo. 

This result is Ulwtrated bj referring the motioa of a syetem ooa- 
nttiiig of ^190 planets to axes so chosen that the plane of a^ shdl 

always coincide with the priHc^mipkme of the system, and tie azit 
of X, from which all longitudes ere reckoned, shall alwajs coincide 

with the liiie of node? ; there are thus ohtaincd twelve rigorous 
simultaneous differential equations, of which nine form r .^v?te'n 
apart, containing only the major axe«, excentrj cities, t ]>ochj«, ionjtri- 
tudes of perihelia, and mutual incluiiitiuu of ilic two orbits, aud 
afford an example of the so-caiied ''elimination of the nodes;" 
whilst the remainiDg three (which contsia also these nine elements, 
but not their difierential coefficients) determme the motion of tke 
principal plane and of the line of nodes, rdalivelj to fixed space. 
The mutual inclination of the t^'o orbits being supposed knowSt 
their seversl inclinations to the principal plane are given by simple 
relations; and tlie positions of the planets in their orbits (tbeir 
longitudes reckoned from the line of iiodt'?) bcinp^ supposed known, 
their motions relatively to fixed space would thus be completely 
determined. 

Extract of a Letter, dated January 6, 1855, from J. Mitchell, 
Esq., Quartermaster of Artillery, Bangalore, " Oa the luflueuce of 
Local Altitude on the Burning of the Fu!*es of Slull-^." 

•*In the early part of the year 1848, at the amm; ! { r ictire of the 
Artillery in this garrison, it was observed that the lascs burned loo 
long a time. The regular burning of fuses being a matter of much 
importance* the curcumstance was duly reported to Artillery Hesd 
Quarters, and a portion of each kind was directed to be sent to 
St. Thomas's Mount (eight miles from Madras and on the same 
level) for examination, where they were found to bum correetly, and 
as at that tinie no one suspected the real rause of the discrepance, it 
was concluded there had ])cen some error in the length of our pen* 
dulum. and there for the time the matter rested. 

" But as I was satisfied^ for many reasons, that it was not owinc; to 
an error in the pendulum, I determined to keej) the subject in mind, 
and for the practice in the following year (1S49) I caused to be 
made an adjustable pendulum which beat seconds very correctly for 
serersl minutes. Tliis pendulum was daily compared wi^ two or 
more seconds' watches to make all safe, snd, as our longest time of 
flight did not exceed twenty seconds, no error could possibly arise 
from this source. The result wh« thnt tlic fuses agnin burnt too 
long at Bangalore, and were again found to burn correctly at 
St. Thomas's Mount. 

Tliis was a mystery to all : l)ut after the matter had cost me much 
thought, it occurred to mc Lhttt the cause was to be sought in the 
difference of sltitude between St. Thomas's Mount and Bangalore, 
nearly 3000 feet; and as a means of putting this to the test, I sag- 
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gested that some fuses should hu burnt at the Mount, or at Madras, 
under a receiver, exhausted until the btirometer .-touci nt the Banga- 
lore meuu height, or about 27 inches. Tiuis, howevui, it was not 
ftrand co&Tealent to do ; but, as an equally satis&ctory way of test« 
ing the accuracy of my conelnsions* a small number of fuses were 
prepared and burnt at St. Thomas's Mount, at Bangalore, and at 
two difoent altitudes on the Neilgherry Hills, as will be seen by 
the annexed copy of an official memorandum; and although this ex> 
periment was too liniitcti to enable us to compile a scrIo of the pro- 
bable time? a certain length of fuse composition would burn at given 
altltudc^^, it am])ly proves the fiact that combustion is retarded at 
coosideruble tlevations. 

Memorandum of an experiment to ascertain whether the atmo* 
sphere influences the burning of fuses : — 

" Eighteen 8-inch fuses, made of the same description of wood 
(Congo), were filled with composition made for the purpose. The 
same man drove the whole on the morning of the 2nd August 1849. 
using the same mallet and drifts. Six of the fuses were burnt at the 
Mount, six at Bangalore, and six on the Neilgherry Hills ; all iu the 
presence of artillery officers; the result is shown beiow " : — 



"nine. 




Length 
of fuse. 


Time 
of 

barning. 


Baro- 
mct«r. 

■ 


Thermo- 
meter. 


Height alMm 
Ma. 


Ang^st 2. 1819. 


St. Thomas's 
Mount. 


in. 

3 
3 
3 
3 
3 
3 


•ecs. 
1415 
U-30 
14-30 

U-30 
U-15 
U-30 


in. 

29-78 


0 

89 


Artillery I 
Deput yard. 


.\uc:tistl7,1849. 

1 put 5 P.M. 


Banplore. 


3 

3 
3 
3 
3 
3 


16-00 
0-0* 
15-75 

15-15 

15-75 
1G25 


26-89 


82 


3000 ft. 


Aug^ust31,1849. 
1 pa»t 7 A.M. 


Kotagheny, 
N«ilghenriat. 


3 
3 
3 
3 


17 00 24 025 
17 00 i 
0-0* ' 
17-30 


Att. 62-7 
Det.61-8 


€500 ft. 


Sept. 9, 1849. 
20titfaMiMi psii 


Cotacamund, 
Neilgheiriea. 


3 
3 


18-00 
18-25 


23-030 


54-2 


7300 ft. 



The writer attributes the result to the rarity of the atmospheric 
air, and of its constituent oxygen at the higher stations. 



* The fuses thus marked accidentally igTiited at both ends. 

PkiL Mag. S. 4. Vol. 10. No. 03. My 18d5. £ 
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March 20, 1856.— Thomas BeU, Esq., V.P., in the Chair. 
The following communications were read : — 

" On the existence of an elemeut of Strength in beams subjected 
to Transverse Strain, arising from the Lateral Action of the fibres or 
particles on each other, and named by the author the * Resistance to 
Flexure.' " By Peter WiUiam Barlow, Esq., F.R.S. 

The author commences by obser^'ing, that under tlie exisliag 
tibeory of beams^ which recognizes only two elements of resistance, 
oamely tentioa and compression, the strengUi of a beam of east 
iron cannot be leoondled with the results of experiments on the 
direct tensile strength, if the nentral axis is in the centre of the 
beam. 

He then proceeds to describe experiments made on two solid 
beams of cust iron to determine the position of the r.eutral axis. 
The beam? employed were 7 feet long, G inches deep and 2 inches 
thick, on each of which small vertical ribs were cast, 12 iiiciics 
iwart ; nine email holes were drilled opposite to each other in each 
xin, for the purpose of inserting the pins of a delicate measuring in- 
strument. The distances of the holes of the centre division of ooth 
beams were measured under various strains, and the results show 
that the extensions and compressions proceed in an arithmetioid 
ratio from the centre to the upper and lower sides of the beam ; and 
that at any t!:ivcn distance on either side of tlie centre, the amount 
of rxtenpion is equal to the ani( unt of C0mprc?^u n. 

U iic pusiUou of the neutral axiis being thus conclusively a^fcertained 
to be in the oentre, it is shown that, not only the ultimate strength, 
but also the amount of extension and compression with a given 
strain, indicates the existence of another element of resistance, in * 
addition to the resistances to extension and compression. 

The author then points out, that in applying the law of "«t' 
tensio sie vis " to ccntiirnnus fibres, under different degrees of exten- 
sion and compression, the effect of the lateral adhesion has been 
omitted, and each fibre has been su|»posed to be capable of taking 
up the same degree of extension or compression as if it acted scpa- 
ntely, and independently of die adjoining fibres. 

It is then shown that this supposed wdependent action of the 
fibres is inconsistent with other practical results, nnd evidence Is 
exhibited of a powerful lateral action when unequal strains aie 
exerted. 

From thc?c nnd other consideration?, the author is le<1 to think 
that the cfl'ect of the lateral action, tending to modify the eftect of 
the unequal and c)])j)i;:?it<» -trains in a beam, constitutes, in effect, a 
" resiBtancc to Hexuie acting in udditioa to tlte rebistances of 
tension and compression. 

In order to ascertain whether the appaietit dilferenee in Ibe 
amount of tensile strength when excited by direct and tnussvcrae 
strains is due to flexure, the author caused open beams or girders to 
be made, each of which was formed by two bars of metal ; the upper 
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•Dd hmu but of tho Mune beun were in erery ease of the aame 
form and dimeonont ; but the depth of mctsl and the ddtaaee to 
which the bars were separated Tertically» was' wied in the seveml 
forms of girder experimented upon. By these means the bar form* 

inp" the lower side of each girder wro torn asunder under different 
dcLrret'!! ot tiexurc. The different forrae of g-irder experimented 
upon were of equal length, and were compared with solid beams and 
with bars of the same metal broken by direct tensile straiii. 

Ffoui tite miun oi Jour experiments on each form of girder* the 
value of the total resistance at the outer fibre is aseertained, and 
exhibits the following results 

1. Id Riders havug the same depth of metalp namely about 9 
inches, but the total depth of the girder, and oonseqoently the 
dciectioDs different^ 



Fofflu of bnitt or sIMcf • 


Depth of 


DcHocllon* 


Total mi«Uoec 
at the outer 
SbM. 




2-02 

a-00 

4*00 


•670 
•510 
•401 
-301 


lb«. 
41709 

31977 
28032 



2. In larders having the same total depth (namely 4 inches), and 
consequently nearly the same deflection, but diffenpg in the depth 
gf metal — 



Vom of Imai 09 ppdsr. 


O0^of OMiOl, 


Total resUtanre 
■ttbo outer 
mitt 






lbs. 




301 


37408 




1-97 


28032 




1-56 


27908 




I4d 


25271 



Ths isaiQs strsagth d the nMl employed wai 
iiDOiid to be ••• 

■ 



From these oxperlraents, the particulars of which are fuUy de» 
tailed, the fullowing facts are elicited : — 

1. That in uU ca^es the total resistance at the outer tibre, at the 
time of rupture, is greater than the ten:<ilc i^trength. 

2. That ia girders iiu\iu^ the same depth of metal, it iuerca«e» 
when the deflection increases ; and 

3. That in girders having the same total depth, and the same de- 
Hection, the reswtance is greater when the depth of metal in the 
beam i^ greater. 

And it follows that there is an element of strength depending on 
the depth of metal in connexloo with the deflection ; or in other 
ivord^, dependent on the degree .oifiemwe to which the metal form* 
ing the beam is subjected. 

E2 
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The ittthor next |)ioceeds to examine the law under which this 
resistance varie? ; and considerinp^ the total resistance in the solid 
beam to be composed of two re^i«tnnces, one being constout and 
due to tiie ten &ile strength, and the other variable and depending on 
the depth of the metal in connexion with its deflection, the experi- 
CTicats indicate that the resistance to flexure varies, throughout all 
the girders, directly as the amount of defleetbn into the depth of 
the metal. 

The paper conclndee by pointing out the important amoont of 
this resistance, the operation of which has been hitherto unknown, 

and which in cast iron exceeds the tenj^ile strength of the metal, and 
shows that rompnri«on5 of the strength of different forms of section, 
based on the existmg theory, which assumes the resistance at the 
outer hbre to be constant and equal to the tensile strength of the 
metal, must be entirely fallacious. 

Hie paper is acoompanied by fall details of all the ezperimenta. 
and the measurements for determining the position of the neutnd 
axis* 

On the Metallie aod some other Oxides, in relation to Catalytic 
PhKnomena," By the Rev. J. re Ashby. 

I purpose to detail some expenments on the metallic (and a few 

other) oxides, made with a view to ascertain their powers to produce 
and maintain, catnU-tically, the combustion of variouf* jj-a^e** and va- 
pours ; and to annex such considerations as appear to be suggested 
by the facts. By catalysis I understand the operation of one body 
upon another, under favourable circumstances, whereby the second 
body is resolved into new chemical combinations, while the first 
(whatever may happen during the process) remains finally un- 
changed. This must be taken as not including explosion per> 
cussion, in which the change takes place owing to the external 
application of dynamic force. 

The apparatus for experimenting comprehends a variety of shal- 
low capsules; wire-gauze, of iron, coj»i)er, and brass, of different de- 
grees of fineness, cut into discs a little larirer than the newels on 
whicli they are to be superimposed; a spinl-iamp witli large wick; 
a pair of pliers, and a few rings of wire to support the gauze, if 
necessary, while heating it in the spurit fiame. Ilie method of pro- 
cedure is simple : the watch-glass, or capsule, is nearfy filled w ith 
the liquid whose vapour is to be tried; on a wire-gauze disc is 
spread the oxide whose powers as a catalyser are to be tested, and 
this being warmed (more or less) over the lamp, is set down upon 
the upper rim of the capsule. Sometinics it is necessary to heat a 
layer of the oxide in the middle of a small combustion-tube, and 
pass over it the gas, or mixture of gases. 

I tried tiie following substances with pyioxylic spirit (hydrated 
oxide of metiliyle) and alcohol separately. 

1. CoO appeared to possess the power in some degree, but per- 
haps the specimen was in too dense agglomeration, which is not 
essentially reduced by trituration, 

2. Co, Oji maintained the catalytic combustion very welL 
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3. AgO, reduced to metallic silver, which shows a strong ten* 
dency on gauze, and acts perfectly iu the combustiun*tube. 

4. U3O3. HO became, at red heat, anhydruus mixture of U O 
and U3O4. shoinog strong tendency, A very pure specimen cata- 
lysed the ▼epour as it changed ifom yellow to green, after which it 
died away . Will not act betow 57(r (F.). 

5. SnO ; strong tendency* 

6. SnO.,; slight tendency. 

7. WOg apparently produces the effect it ])laced while glowing, 
over alcohol, but gradually dies away, uss if very slowly cooling. 

8. Pbg O4 chaiiged to PbO, and showed a strong tendency* but 
quickly faded and grew cold. 

9. CdO, placed while very warm over pyroxylie spirit, burst into 
glow and catalysed, bnt always died off after the lapse of from half a 
minute to two or three minutes, and then became incapable. 

10. CaO (on the gauze), no effect. 

1 1. SiO,, exhibited a tendency. 

12. Stourbridge clay ; no effect. 

13. Al.> O., appeared to have no effect in maintaining catiJytic 
combustion on the gauze, but when made red-hot and quenched in 
absolute alcohol, it changed from pure white to a black substance 
and oxidized a portion of the alcohol. That this is not owing to 
carbon in the alcohol is evident, because the same change occurs 
when it is quenched in strong liquid ammonia. I suspect that it ia 
a new oxide of aluminum. 

14. Ni., O.J. formed by heating carbonate of nickel nearly to red- 
ness, failed ; prepared from the coninion nitrate, it acted for a short 
time ; reducecl ?is a?i intensely black velvety substance from the purest 
nitrate, then wariiied ljut not made red*hot, it glowed aud catalysed 
with alcohol or ether. With pyroxylie spirit, it was left at the end 
of the opemtiott of a greenish drab, which I suspect to be a mixture 
of Ni2 O3 with NiO, althougli it may be Ni^ O3 changed only in ap* 
pearance. for when treated with nitric acid no nickel is dissolved. 

13. Mn O2 is changed at red beat into Mnj O3, which, with alco* 
hoi. ether, and pyroxylie spirit, continues the slow combustion very 
pttadily. A «perimen of very pure Mn., O., acted extremely well, as 
uid ako a portion of "euchrorae" (a hydrated sesquioxide of man- 
ganese (impure) dug from the estate of Lord Audley), after being 
heated in the air to drive away tbe carbonaceous matter with which 
it was mingled. Mn^ O3 will, if sufficient care be taken, catalyse 
the moist gas arising from a strong solution of ammonia. 

16* Fe^ O3, when in the state of a light puffy powder, catalyses the 
vapour of ether, alcohol, and pyroxylie spirit, only requiring to be 
heated on the gauze before it is laid over the Ciipsulc. It is cheap, 
easily employed, and of invariable action. I have kept up the com« 
hustioii for sei'eral hours on a surface of 120 square inches. 

liy means of a catalytic lamp in which the liquid employed is con- 
tinually supplied from a reservoir and maintained at a constant level 
in the capsule, I ' have used 7 or 8 square inches continuously during 
thirty*aix hours. This lamp I luure ocoastonaUy used for kboratory 
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purposes, where a geotle and equable beat was required fur several 
hours. 

FbfMiiiig my experiBC&to witJi the oxidm of the ttetali. heated 

on wire gauze, I tried as many as I could procure or make, and by 
a tolerably wide induotion I found that the ses^iosidei hare the 

strongest tendency to prodiiro and maintain the rnt-nlrtir glow, nnd 
do produce it in every case in which they arc n )t decompoeed by the 
amount of lieat required to begin the operutiuu. 

When hydrated Fe, is heated and placed over alcohol, its colour 
is deepened towards black, but not uniformly, and when cold the 
priginal edloitr fetunis* ^t if it be meide red-hot end quenched in 
boiltng alcohol out of contact with air, it it oonveited into hydrated ' 
Fef^O^, and remains permanently a deep hhusk magnetic powder, 
soluble in acids. A strong solution of ammonia may be substituted 
for the alcohol with the same effect, bat in this case !«ome of the 
sesquioxide will remain unaltered and mixed with the black osdde. 
The alcohol or ammonia i«» coiTcspoudingly changed hy oxidation 
derived from the oxygen which lias been released from combmatioa 
with the iron. If the hydrated Fe^ O4 be heated in contact with air, 
it immediately (eren when it hea been kept for many months) be« 
oomee Fe^ O3 by oxidation from the atmosphere, bat if heated to red- 
Bite in vacuo, it cools unchanged. [Can the blaok powder of ala* 
minn be AI3 O4, formed in a similar way ?] The process of oitalyan* 
tkm by Fe^, O.^ is thus evident ; ihv liented sesquioxidc loses a por- 
tion of oxygen to the alcohol and becumcs Fe , O^, which h instantly 
reconverted into Fe., O., hy receiving oxygen lioui the air, and this 
alternation is coatttiuiLiy going ou in every portion ui the glowing* 
mass. It is not a mere mctim dt pr/§enee, but alternate reduction 
md Qgidation of the lesqtiioxide, producing a oontbinone cnddatiOQ 
^ the aleohoL 

lliis suggests a consideration apparently advene tO the atomio 
hypothesis of Dr. Dalton. How can a single compound molecule 
BcgO^ be changed by deoxidation into another compound molrcule 
Fe^O^, when, accordiiiir to theory, there are in it but two combining 
projiortions of iron, wiRH is the rcbultant contains three} and how 
(by deuxidalion) can the rci^ullanl molecule contain /our combiunig 
proportions of oxygen when the primary oontained onlv ihre9 ? We 
oan indeed represent to the imagination that lAret moteoulei of tfaa 
scFriniotide, acting aa if they were one triple molecule, loae one oom« 
biniag proportion of oxygen* and are converted into two molecules 
of the black oxide ; and conversely, that two molecules of the black 
oxide, acting as if they were one double molecule, combine with rjne 
atom of oxy^^en, nnd are converted into thrpi^ atoms of sesquioxide. 
The only way to account for this, in nrcordancc with the popular 
atomic theory, seems to be, to ais&ume that tiie autatiou lor these 
oxides IB tneoneet* and that 

for FcjO;, we should write FcgOg, 
and for Fe^ O4 we should write Feg Og. 

)f the ooRcnt notation be retained, and anf law be admitted* i% 
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virtue of which three molecules of ^esquioxide may suffer reduction 
as if they were only one moleciik-, and divide into two molecules of 
the magnetic ojude, we might conceive a pecuimr structure iu the 
Fe.j Oj, with a tendency to separate again into FeO, Fe., O j ; that it is 
really in combination as Fe» but ready to yield to 8hght causes 
and become FeO, Fe^ O3. Thit would explain Mr* Meroer^s ezpefi* 
ment (quoted by Bmode, I. 716, edition 1848) of tbe chemical union 
of a meohanical mixture of protoxide and peroxide of iron. 

P( rhapB the seequioxldes occnpy a middle place in the leale of 
cffecta. Take the case of iron ; we hare 

Fe+0> pyrophonis, — ^riolent oxidation » 
^^^fl+NH»+ 0» alternate reduction and oxidation. 
Fe Ot+KB^ (in water)* reduction. 

To show tbe last, add ammonia to a solution of Fe03. KO. and 
Fe^Oj will be precipitated. 

A mixture of ten parts by weight of powdered chlorate of potaaia 
with one part of Fe^O^ diseogages oxygen with extreme facility and 
great ceconomy of heat as compared with the oxides of copper and 
manganese; and it is the more convenient because n grains of the 
mixture will represent almost exactly n cubic inches of disengaged 
oxygen. 

A state of mtcimnical division is not absolutely necessary for the 
catalysation of some inflammable vapours by Fe.j 0^ ; an old nail, 
entirely transmuted into rust, will perform the operation ; and when 
we consider that in many cases of ^rmentation, decay and putrefac- 
tion, this oxide may be present, divided or aggregated, while beatir 
evolved, and inflammable gases and vapours are set free, we may 
hereafter be able to trace some instances of " spontaneous com* 
bustion " to the catalytic action of the sesqutoxides of iron. 

•'Oeular Spectres and Structures as Mutual Exponents/' By 
James Jago, A.B. Cantab., M.B. Oxon. 

The present communication is a revised and modified ver»ion of a 
paper bearing the same title, whicli was read on the 18th of January 
and 1st of Fehrnui y, and wliich was, by permi^rsion, withdrawn. The 
chief modification applies to the author's views reepectiiii^ the struc* 
ture of the vitreous body as deduced iVom entoptical phiLiioincna, He 
is now of opinion that the arborescent system of whicli iie infers the 
existence in that part of the eye (PhU. Mag. vol. ix. p. 305) does not 
jwasist of Itffttft filled with globules or cells, as he at fif st supposed, but 
of eell-oonatttuted filaments* In a note» dated Msi^h 37, 1855, he 
gives the following enunciation of his present views as to the struc* 
ture of the vitreous body — 

" In the vitreous humour are innumerable transparent globules, 
beads or cell?, of lees specific gravity than tlio fluid, extremely 
minute, and of uniform size, which are arranged, tciihout exception, 
in rows to form the threads of a lax, elongated, irrtgular web, 
springing from the general tiurface of the capsule by, commonly, 
exquisitely small meshes, and extending into the interior by others 

mcj^ai^ &izc» so that th^ iimermost part of the web*- which lies 
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uenrcr the circumference of the vitreous bodj than it» centxe— coo- 
sisle of c'ornpanitively large ones. 

"Whenever the rye rotates, this fiiauientouR peripheral t?yatcm 
wili HI Its relative ((■(Jiintt.'r) rotation, gradually, I hough soon, come to 
the end of its tetbcr, and ni this iutcnal and when there, act slb a 
check upon the relattvely rotatiiig fluid ; perpetually reitentiiig oh- 
Btnictioii, above all in the immediate Ticinity of the capsule and (by 
the diapoaitioa of the threads to float Tcrtically) most effectually in 
the most important or horizontal direction. The middle of the 
Titreous body being free of impediment, relative rotation uf the fluid 
expends itself there, whilst a practical concurrence in the ocular ro- 
tation ensues near the capsule. And thus in the incessant move- 
ments of the eye, head and hody, the "wrU that contines the fluid can 
suffer no severe concussions from eddies in the latter. In otl.er 
words, we have herein a j)rovision that the crystalline lens may not 
be shaken, the circulation in the retinal vessels may not be deranged, 
and sensations of light may not be ever assailing us from impi3scs 
of the vitreous fluid, perhaps that the retina may not itself suffer 
direct injury therefrom." 

'*An Account of some Experiments made with the Submarine 
Cable of the Mediterranean Electric Telegraph." By Charles Wheat- 
stone. F.R.S. 

The following results were obtained between May 24 and June 8 
in last year, with the telegraphic cable manufactured by Messrs. 
Kuper and Co. of East Greenwich, for the purpose of being htid 
across the Mediterranean sea, from Spezin on the coast of Italy to 
the island of Corsica. The manufacturers, in conjunction with 
Mr. Thomson the engineer of the undertaking, kindly afforded me 
every facility in carrying on the experiments. The short time that 
elapsed between the opportunity presenting itself and the shipping 
of the cable for its destination, prevented me from determining with 
sufficient accuracy some points of importance, respecting which I 
was only able to make preliminary experiments, but the IbUowing, 
which 1 was able to effect with the means at hand, may possess 
sufficient interest to be made public. They present perhaps nothing 
theoretically new, but I am not aware that experimental verificutions 
of some of these points have been made before. I a^^sume that the 
reader is nrqtuuntcd with the experiments of Dr. Faraday described 
in the Phil().su])hical Mngrazine, Ser. 4, vol. vii. p. 197. 

Tiic cahle was 1 10 nulca in length, and contained :?ix copper wires, 
one-sixteenth of an inch in diameter, each separately insulated in 
a covering of gutta perdia one^tcnth of an inch in thicknesa. The 
whole was surrounded by twelve thick iron wires twisted spirally 
around it, forming a complete metallic envelope one- third of an inch 
in thickness. A section of the cable presented the six wires arrangied 
in a circle of half an inch diameter, and one-filth of an inch from the 
internal surface of the iron envelope. 

'Hie cable wns coiled in a dry well in the yard, and one )t its ( luls 
was brought uito the manufactory. The wires were numbered 1* 
2, 3, 4, 5, 6, and the ends in the well were iuuicated by an accent; 
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the ends 3'4, 4'o, o'G were cunnected by supplementary 

wira, ao that the electric cuirent might be passed in tlie same direo* 
tioa through all the six wires joioed to a single lengthy or thxougli 
any lesser number of them, the coanexions being made at pleamro 
ill the experimenttog room. 

The rheomotor employed was an insulated voltaic battery con- 
sit^ting of twelve troughs, each of twelve elements, which had been 
several weeks ia action* 

First Series, 

The following ex])cnincnt8 ehow that the iron envelope of the com- 
pound conductor gives rise to the same phsenomena of induction 
which occur when the insulated wire is immersed in water, as ia 
Dr. Faraday's experiments. 

Enp, 1 . One end of the entire length, 660 miles, was brought in 
connexion with one of the poles of the battery, the other end re- 
maining insulated. The wire became charged with negative elec- 
tricity when its end touched the zinc pole, and with ])os-itivc elec- 
tricity when it communicated M'ilh the copper pule. A eurrent, 
indicated by a galvanometer placed near the battery, existed as long 
as the charge was going on, and ceased when it arrived at its maxi- 
mum. [The feeble cunrent attributed to imperfect insulation, which 
eontinues as long as the contact with the battery remains, is here left 
out of consideration.] When the wire was charged, and the dis- 
chaiige effected by a wire communicating with the earth, the current 
prodiiced was in the ?ame direction, whether the diseliargo wa? made 
near the battery or at the opposite end ; j. e. the current in both 
caa^es proceeded from the wire to the earth in the same direction. 

Ejcp. 2. On bringing one end of the wire in contact with one of 
the poles of the battery, the other pole having no communication 
with the earth, the wire renwined uncharged. A very slight and 
scaroely perceptible tremor waa observed in the galvanometer needle 
interposed between the battery and the wire. 

sip, 3. To each of the poles of the battery was attached a wire 
220 miles in length, and similar galvanometers were inteqiosed be- 
tween the two wires (the remote extremities of which remained in- 
sulated) and the battery. So long one wire alone was connected 
with the battery no charge was cointnumculed to it, but on conntct- 
ing the other wire with the opposite pole both wires were instan- 
taneously charged, as the strong deflection of both needles rendered 
evident. On bringing the free end of one of the wires in coromuni* 
cation with the earth it alone was discharged, the other wire remain- 
ing fnlly charged. 

Second Series, 

Exp. 4. One |Hjle i f the battery was connected with the earth, 
and l£e other with 660 miles of wire, which had an earth commu- 
nication at its opfiorite end ; three galvanometers were interposed 
in the course of the conductor ; the first near the battery, the second 
in the middle of the wire, t. e. 330 miles from each extremity, and 
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the third at the femote end near the commnnieation with the earth. 
When the connexion of the battery with the wire was oomi^eted; 
the galvanometers were sttceessivdy acted upon in the order of their 

distances from the battery, as in the experiments recorded by Dr. 
Faraday. When the earth connexion at the remote extremity of the 
wire, on the contrary, was completed, the disturbance of equilibrium 
commenced at this end, and the galvanometers successively acted in 
the reverse order, t. e. the galvanometer which was the most distant 
from the battery was the first impelled into motion. In the latter 
ca8e» before the completion of the circuit the needles of the galvano* 
meters had aMomed constant deflections to a limited extent, owing 
to a feeble current arising from the uniform dispersion of the static 
electricity along the wire. 

£j^p. 5. The two extremities of the G60 miles of wire were brought 
into connexion with the opposite poles ot the battery. When one 
of the ends pieviou^-ly dif^connected from the battery was ujuted 
therewith, the gaivauoxneterb at tiie extremities of the wire, and con- 
■sequently which were at equal distances from the poles of the bat- 
teiy, were immediately and simultaneously acted upon, while that 
which was in the middle of the wire was subsequently caused to 
move. When the wire disconnected in the middle instead of near 
one of the poles of the battery was again united, the middle galvano- 
meter, which was the most remote from the battery, was the first 
acted upon, and those near the poles subsequently. 

The ( )ni]>arison of the two above-mentioned experiment:? show 
that the eartli must not be regarded simply as a conductor, which 
many suppose to be the q^e. Since in the first experiment there were 
not many yards' distance between the two earth terminations^ did 
the extent of ground between them act only as a conductor, the two 
galvanometers at the extremities of the wire should have acted simul* 
taneously, as in the second experiment, and as would have been the 
case had a short wire united the two extremities which prooeaded 
to the earth. 

Third Series. 

B*p, 6. One pole of the battery was connected with the earth, and 
the opposite pole with one extremity of the 660 miles of wire, the 
other end remaining insulated; a delicate galvanometer was interposed 
near the battery. Notwithstanding there was no circuit formed, the 
npedle showed n constuut deflection of .332^; the feeble current 
tliu^ rendered evident is not so much to be attributed to imperfect 
insulation, us to the uniform and continual dispersion of the static 
electricity with which the wire is ciiarged throughout its entire 
length, in the same manner as would take place in any other 
charged body placed in an insulating medium. Tlie strength of 
the current thus occasioned appears to be nearly, if not enctly, 
proportional to the length of the wire added, as the following table 
will show : the iir^t column indicates the number of miles of wire 
subjoined beyond the £,^alvnnometer, and the second the oorrespond- 
ing deflections of the needle i-^ 
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0 0 

no H 

330 12 

830 18 

440 2^ 

550 28 

660 31 

Krp. 7. One end of the (^f^0 milfs of wire was now Mll'>\vcd to 
remain constantly in contact with one of the poles of the liattery ; 
but the galvanometer was successively shifted to different distances 
from the battery. The strength of the current was now shown to 
bi inversely M the distance of the galvanometer from the batteiy. 
becoming null at its extremity, as shown in the foMowmg table, llie 
ftrit oolnmn shows the distance from the battery at which the gal« 
Yanometer was placed, and the second column the corresponding 
MMioli of the needle. 

miles. o 

Near the battery •3:1^ 

110 81 

220 25 

330 15 

440 13 

550 6 

660 0 

'llie deflectioiii" of the needle of the galvanometer employed in 
these experiments were, when they did not surpass 36^, very nearly 
comparable with the force of the current. This I ascertained in the 
IbUowing way. . I took six cells of the small constant battery de« 
scribed in my paper " On new Instruments and Processes for deter* 
saining the Constants of a Voltaic Circuit," printed in the Philo- 
sophicfil Transactions for 1843, nm\ phrvd in the circuit formed of 
the- 660 milc<? of wire, the eartii, and the s^nivanometer, successively 
1, 2, 3, 4, 5 and G cells. Leaving out of consideration the resist- 
ances in tlie cells themselves and in the earih, which were very in- 
considerBble in comparison with that in tlie long wire, the force of 
tht corrent should be approximately proportionate to the nnmber 
of the olemeots; and since the deflections of the needle nearly indi« 
oalod this proportionality, as the following table will show, it may 
be assumed that the force of the current, when the deflection of the 
ni'cdle did not surpass 36°, nearly corresponded with the angidar 
deriadon. 

ceil, 

1 6 

2 14 

a 19 

4 28 

5 82 

6 36 
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From the preceding expeniiieati* (6. aud 7.) it seems to result, 
th it wliiiU \ ( r length of wire is connected with the battery, if a pnl- 
vanumetfi is ])laced at the laitlier extremity of the wire and a con- 
stant length added to the other termination of the galvanometer, its 
indication remains always nearly the same. Thus 9ie galvanometer 
indicated Si^ when it was placed dose to the battery and 1 10 miles 
of wire were subjoined beyond it; and 5^ when 550 nules were in* 
terposed between the battery and galvanometer, the same length, 
110 miles, being subjoined. In like manner» when 220 miles were 
added beyond the galvanometer placed near the battery, the indica- 
tion was 1*2"^ ; precisely tiic s;uTie as when 440 miles were interposed 
and 220 addpri. So also wiien 330 miles were added, the deviation 
of the galviiiiometcr was 18°; and 15" when 330 miles were inttr- 
posed and 330 added. 1 have no doubt that the correspondence 
would have been closer had it not been for the fluctuations of the 
battery. 

It would appear from this, that whatever be the length of wire 
attached to tibe insulated pole of a batterjf, it becomes charged to 
the same degree of tension throughout its entire extent; so that 
another insulated wire brought into connexion with its free extre- 
mity exhibits precisely the same pluonomena, in kind and measure, 
as when it is brought into immediate connexion with a pole of the 
battery. Some important practical consequences flow from this 
conclusion, which I will not devclope at present, as I have not yet 
had an opportunity of submitting them to the test of experiment. 

April 19, 1855. — The Lord Wrottcaley, President, iu the Chair. 

The following communication was read : — 
" On the Descent of Glaciers." By the Hev. Henry Moseley, 
M.A.. F.ll.S. 

If we conceive tw o bodies of the same form and dimensions (cubes 
for instance), aud ui the same material, to be placed upon a uuifurni 
horizontal plane, and connected by a substance which alternately 
extends and contracts itself, as does a metallic rod when subjected 
to variations of temperature, it is evident that by the extension of 
the intervening rod each will be made to recede from the other by 
the same distance, and, by its contraction, to approach it by the 
same distance. But if they be placed on an inclined plane (one 
being lower than the other), then when hy the increased temperature 
of the rod its tendency to extend becomes sullkient to j)ush the 
lower of the two bodlL^ downwards, it wiii not have become sutfi- 
cient to push the higher upwards. The elFect of its extension will 
therefore be lu cause the lower of the two bodies to descend whilst 
the higher remains at rest. The converse of this will result from 
contraction; for when the contractile force becomes sufficient to 
pull the upper body down the plane it will not have become suffi- 
cient to pull the lower up it. Thus, in the contraction of the sub* 
stance which intervenes between the two bodies, the lower will le* 
main at rest whilst the upper descends. As often, then, as Ihe ex- 
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piizimm and contiaetion it repeated tbe two bodiea will deioend the 
plane until, step by step, they reach the bottom. 
Suppose the uniform bar AB placed 

on an inclined plane, and subject to ex- 
tension from increase of temperature, a 
portion XB will descend, and the rest XA 
will-ascend ; the point X where they sepa- 
rate being determined by the condition 
that the force requisite to, push XA up 
the plane is equal to that required to 
push XB down it. 

Let AXsjr, AB=L, weight of each linear unit ssa, t= inclina- 
tion of plane* limiting ang^e of resistance, 

usss weight of AX, 

«(L— «)s weight of BX. 

Now, the force acting parallel to an inclined plane which is neces- 
sary to push a weight W up it, is represented by 

sin (< /> 4- «) J 

cos (ft 

and that necessary to push it down the plane by 

^ sint»-t) . 
oosf 

cosf ^ ^ cos^ 
«{sui (^+0+sin — t)}=:Lstn (f — f) 
2jrsin ^ cos t=L sin —0 

2 sin (p cos I 

1 T / , tan I 1 

2 L tan ^ j 

When contmction takes place the con- Fig. 2. 

verse of the above will be true. The 
separating point X will he such, that the 
force requisite to pull XB up the plane is 
equal to that required to pull AX down 
it BX ii obviously in this case equal to 
AX in the other. 

Let X be the elongation per linear unit 
under any variation of temperature ; then 
the distance which the point B (see fig. 1) will be made to descend 
by this elongation 

=X.BX 
=X(L-#) 
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If we eonoeiTe the hu now to letani to iti former tomperelne, 

contraetbg by the same amount (X) per linear nnit ; then the point 
B (fig. 2) will by this contraetioii be made to aiicend through the 
space 

=.-^{»-S} 

Total descent / ol by elongatioii and contraction ia therelbie 
determined by the equation 

telA^ (2) 

tan^ 

To determine the preteure upoii a nail, ^* 
driven through the rod at any point P 

fastening it to the plane. 

It is evident that in the act of exten- 
aion the part BP of the rod will descend 
the plane and the part AP ascend ; and 
conversely in the act of contmction ; and 
that in die former case the nail B will 
sustain a pressure upwards equal to that necessary to cause BP to 
descend, and a pressure downwards equal to ^tuit necessary to cause' 
PA to ascend ; so that, assuming the pressure to be downwaids, and 
adopting the same notation as before, except that AP is represented 
by p, AB by a, and the pressure upon the nail (assumed to be 
downwards) by P, we have in the cose of extension 

COS ^ cos ^ 

and in the case of contraction 

COSf ^ COSf 

Reducing, these formulae become respectively 




Pss I a sin + f)— 2p sin d cos 1 1 



(4) 



My attention was first drawn to the influence of variations ill 
temperature to cause the descent of ti lamina of metal resting on an 
inclined j lane, by observing, in the autumn of 1853, that a portion 
of the lead which covers the south side of tlie choir of the Bristol 
Cathedral, which had been renewed in the yeai* 1851, but had not 
been properly futened to the ridge beam, had descended bodily 
18 inches into the gutter ; so that if plates of lead had not been in- 
serted at the top, a strip of the roof of that length would have been 
left exj)08ed to the weather. The sheet of lead which had so de- 
scended measured, from the ridge to the gutter, 19 feet 4 inches 
and tdong the ridge 60 feet. The descent had been continnaMy 
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going oO, from the time the lead had been laid down. An attempt 
made to atop it by driviog uails through it into the i al ters had imkd. 
The force by wUeh the lead had been made to descend* whatever it 
was, had been fonnd sufficient to draw the nails*. As the pitch of 
the roof was only 16^^, it was sufficiently evident that the weight of 
the lead alone could not have caused it to descend. Sheet lead, 
whose sarfaoe is in the state of that used in roofing, will stand firmly 
upon a surface of planed deal when inclined at an angle of 30®t, if 
no other force than its weight tends to cause it to descend. Tlie 
congidemtions which I have stated in the jtreceding articles led me 
to the conclusion that the daily variations in the temperature of the 
lead, exposed as it was to the action of the sun by its southern 
aspect, could not but cause it to descend considerably, and the only 
question which femained on my mind was, whether thia descent 
oooM be so great as was observed. To determine this I took the 
following data : — 

Mean daily variation of temperature at Bristol in the month of 
August, assumed to be the same as at Leith (Kaemtz, Meteorology, 
by Walker, p. 18). 8°-21 Cent. 

Linear expansion of lend tlurough 100^ Cent. "0028436. 

Length of sheets at lead forming the roof from the ridge to the 
gutter 232 inches. 

Inchuatiun of roof 16° 32'. 

Limiting angle of resistance between sheet lead and deal 30°. 
Whence the mean daily descent of the lead, in inches, in the 
month of August, is determined by equation (2) to be 

/=232 X X -0028436 X 

100 tan 30° 

/= 02 7 848 inches. 

The average daily descent gives for the whole month of Ait^nst a 
descent of '863288, If the averncj-e daily variation of temperature 
of the month of August had continued throughout the year, the 
lead would hu\ e descended i(J"19148 inches every year. And in the 
two ycard from 1601 to iS53 it would have dtocciiJcd 2U'2S2y6 
inches. But the daily variations of atmospheric temperature are less 
ia tlie o^MT months of the year than in the month of August. For 
this reason, therefore, the calculation is in excess. For the following 
reasons it in in defect : — 1st, tlie daily variations in the temperature 
of the lead cannot but have been greater than those of the surround- 
ing atmosphere. It must have been heated above the surrounding 

* The evil wit mneiKed bv placing s besoi aeroM the rafl«rt netr the ridge, 

and doubling the sbeets round it, and fixing their ends with spike nails. 

^ Thij may m%Uy \te. vn ificd. I give it as the result of a rcmn-li experiment of 
my own. I am not acuuaiiUi:il with any experiments on tiic liictioit ot lead made 
wttb saflideiit care to oe recdved as authority in this matter. The faction of 
copper (ju oak has, however. 1m en determined hy General Morin to be 0 02, and its 
hmitiug angle of resistance 3r iB'; w that if the roof of Bristol Cathedral had 
been inclined at 31° instead of 16^, and had been covered with sheets of copuer 
vetting on oak boards, inste^l of sheets el lead rating <m desl^ the ihisnag 
would not have sUpped bjr its weight oaljr. 
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atmoBphere hy radiation from the sun in the day-time, and cooled 
helow it by radiation into apace at night. 3ndly* One Tariation of 
temperature only hat been assumed to take place erery twenty*four 

hours, viz. that from the extreme heat of the day to the extreme 
cold of the nl^ht ; n fipreas such variation's are notoriously of con- 
stant occurrence duriiij^ tlie twenty-four hours-. Each cannot but 
have caused a corresponding descent of the lead, aod their aaj^eregate 
result cuniiot but have been greater than if the temperature had 
passed uniformly (without oscillations backwards and forwards) from 
one extreme to the other. 

These considerations show, I think, that the causes I have 
assigned are sufficient to account for the fact ohstfved. 'They sug- 
gest* moreover, the possibility tliat results of importance in meteor* 
olo^' may be obtained from observing with accuracy the descent of 
a metallic rod thus placed upon an inclined plane. 'I'hat (k 5<rent 
would be a measure of the aggregate of tiie changes of temperature 
to which the metal was i^uhjccted during the time of observation. 
As every such change of temperature is associated with a corre- 
sponding development of mechanical action under the form of wotk*. 
it would be a measure of the aggregate of such changes and of the 
work so de^loped during that period ; and relations might be found 
between measurements so taken in diflferent equal periods of times, 
successive years for instance, tending to the derelopment of new 
meteorological laws. 

llie following are the results of recent experiments^ on the 
expansion of ice 

Linear expansion of ice for an interval of 100^ of the Centigrade 
thermometer. 

0-00524, Schumachen 

0 00513, Johrt. 
0-00518, Moritz. 

Ice, therefore, has nearly twice the expansibility of lead, so tiwt a 

sheet of ice would, under similar circumstances, have desceuded a 
plane similarly inclined, twice the distance that the sheet of lead 
referred to in the preceding article descended. Glacier« are, on an 
increased .scale, sheets of ice placed upon the slopes of mountains, 
and subjected to atmospheric variations of temptiuturc throughout 
their masses by variations in the quantity and the temperature of 
^e water, which flowing from the suiiace everywhere percolatea 
them. That they must from this cause descend into the valleys ia 
therefore certain, lliat portion of the Mer de Glace of Chamouni 
which extends from Montanvert to very near the origin of the Glacier 
de Ldchaud, has been accurately observed by Professor James Forbes^. 
Its length is 22,600 feet, and its inclination varies from 4^ \[)' 22" 
to 5"" 5* 53". The Glacier du G^ant, from the Tacul to the Col du 

* Mr. Joule has shown (PhU. Trans. 1850, Part 1.) that the quantity of heat 
capable of rtiiing a ponnd of water by V Fahr. requires for its evolntion 772 onlts 
of work. 

t Vide Archiv f. Viitendiaftl. Kunde v. Baisbnd, Bd. vU. 8. 333. 
% Ttn^ thmogh the Alps of Savoy. Bdiabnigh^ 1848. 
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G^aot* PkoloMor Forbes estimates (but not from his own observa* 
tbns, or with the same certainty) to be 24,700 feet in length, and 
to have a mean inclination of 8° 46' 40". 

According to the observations of De Saussure, the mean daily 
range of Reaumur's thermometer in the month of July, at the Col 
du Gdant, i«4'' '257*, find at Chamouni in°-092. The resistance 
opposed by the ruggeil cliiiniiel of a gliicier to its descent cannot but 
be different at different puiiiU and in respect tu different glaciers. 
The following passage from Professor Forbes's woik contains the 
most Hutheutic infurniatiaa I am ablt to tind on this subject. 
Speaking of the OUcier (tf la Brenva, he says, *' The ice removed, 
a layer of fine mud covered the rock, not composed however alone 
of uie clayey limestone mud, but oip riisip sand derived from the 
granttie morsines of the glacier, and brought down with it from 
the opposite side of the valley. Upon examining the fncc of the 
ice removed from contact with the rock, we found it set all over 
with sharp angular frairmpnts, from the size of grains of sand to 
that of a cherry, or larger, of the same species of rock, and 
which were so firmly fixed m the ice as to demonstrate tlie impossi- 
bility of such a surface being forcibly urged forwards without f:aw- 
ing and tearing any comparatively soft body which might be bclu w it. 
Accofdtngly, it was not difficult to discover in the Umesfeone the very 
grooves and scratches which were in the act of being made at the 
time by the pressure of the ice and its contained fragments of stone." 
(Alps cl ^e Savoy, pp. 203-4.) It is not difficult from this descrip- 
tion to account for the fact that small glaciers are sometimes seen to 
lie on a slope of 30° (p. 35). The most probable supposition would 
indeed fix the liinitmLz^ angle of resistance between the rock and the 
under surface of the ice, set all over, as it is described to be, with 
particles of sand and small fiagiueiits of stone, at about 30°, that 
being nearly the slope at which calcareous stones will rest on one 
another. If we take then S0° to be the limiting angle of resistance 
between the under surfrice of the Mer de QlSat and the rode on 
which it rests, and if we assume the same mean daily variation of 
tempeiatnre (4*257 Reaumur, or 5*321 Centigrade) to obtsintlurough- 
out the lengUi of the Glacier du Geant, which De Saussure observed 
in July at the Col du Geant ; if, further, we take the linear expan* 
sion of ice at 100° Centigrade to he thnt ( 00524) which was deter- 
mined by the experiments of Schumacher ; and, lastly, if we assume 
the Glacier du Geant to descend as it would if its descent were un- 
opposed by its confluence with the Glacier de L^chaud. we i-hall ob- 
tain, by substitution in equation (2) for the mean daily descent of 
the Glacier du O^t at the Tacul, the formula-* 

te24700x5-821 ^'^^^J 

lOU tan 30° 

/= 1-8395 feet. 

The actual descent of the glacier in the centre was 1'5 foot. If the 
Glacier de L^haud descenrled at a mean slope of singly in a 

* Quoted by ProfMsor Forbes, p. 231. 

Fkd. Mag. S. 4. Vol, 10. No. 63. July F 
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sheet of miifonii breadth to MoiitBiiTert without reoeiniig^ the tri- 
butaiy glaister of the TalHre, or uniting with the Glacier du Q^antv 
its diurnal descent would be given by the same formula, and would 
be found to be '95487 foot. Reasoning similarly with reference to 

the Glacier du Gcant, supposing it to have continued its course pinfrlv 
from the Tol dn Grant to IVfontanvert without confluenrc with the 
Glacier de Lt-chaud, its Icnirth lu inc^ 40.420 feet, and it^ mean incli- 
nation G*^ 53', its mean diurnal muuun / at Moiitunvert would, by 
formula (2) have been 2*3564 feet"^. The actual mean daily mo- 
tion of the united glaciers, between the 1st and the S8th July, was 
Motttanvert (Forbes*s ' Alps of the Sftvoy/ p. 140),— 

Near the side ci the glacier 1*441 foot. 

Between the side and the centre . . 1*750 foot. 
Near the centre 2*141 feet. 

Hie motion of the Glacier de L^chant was therdbre accelerated by 
their confluence, and that of the Ghicier du Gdant retarded. Tht 
former is dragged down by the latter. 

I have bad the less hesitation in o Bering this solution of the me- 
chanical problem of the motion of ghiciers, as those hitherto pro. 
posed are confessedly imperfect. That of De Saut^sure, which attri- 
butes the descent of tlie ghicier simply to its weight, is contradicted 
by the fact that isolated fragments of the glacier stand iirmly on 
the elope on which the whole neyertheless descends ; it being ob- 
vious that if the parts would remain at rest separately on the bed of 
thejdacier, they would also remain at rest when united. 

Inat of Fhifessor J. Forbes, which supposes a viscous or semi^ 
fluid structure of the glacier, is not consistent with the fact that no 
viscosity is to be traced in its parts when separatod. Tliey appear 
as solid fragments, and they cannot acquire in their union proper- 
ties in this respect which individually they ha%'e not. 

Lastly, the theory of Charpentier, which attiibulcs the descent of 
the glacier to the daily congelation of the water which percolates it, 
and the expansion of its mass consequent thereon, whilst it assikiia 
a cause which, so far as it operates, cannot, as 1 have shown, bat 
cause the glacier to descend, appears to assign one inadequate to the 
result ; for the congelation of the water which percolates the glacier 
does not, according to the observations of Professor Forbe« f. take 
place at all in summer more than a few inches from tin surface. 
Nevertheless it is in the summer that the daily motion oi the glacier 
is the greatest. 

The following remarkable experiment of Mr. Hopkins of Cam- 
bridge J, which is considered by lam to be confirmatory of the sliding 
theory of De Saussure as opposed to De Charpentier's dilatation 
theory, receives a ready explanation on the prindples which I have 
laid down in this note. It is indeed a necessary result of them. 

* On the 1st of My, the centre of the sctusl motion of the Mer ds Glsoe 
Mouianvert was 2 25 feet, 
t Trsfdi ia the Alps. 

X I bsvs qttSted tbs Abofs scocnuit of it from Pntaor Forbes's book, p. 419. 



Digitized by Googl( 



IntMgence and MmeiUmtom Articles. 67 

*' Mr. Hopluiis placed a maas ol raugfa ice. confined by a iqtim 
ftame or bottomleM box, upon a roughly chiselled flag etone, which 
he then inclined at a amall angle, and lound that a slow but uni- 
form motion was produced, when even it wn? placed at an incon- 
siderable slope." 'riiis motion, which Mr. Hopkins fittributcd to 
the dissolution of the ice in contact with the stone, would, I iippre- 
hend, have taken j)]uce if tlie mass had been of lead instead ot ice; 
and it would have been but about half as fast, because the linear 
eipanrian of lead la only about half that of ice. 



IX. Intelligence and Miscellaneous Articles. 

ON THE ANiBSTHETIC PRINCIPLE OF THE LTCOPBRDON PROTEUS 
AKD CBRTAIN OTHEK WU'HQl, BT THOKNTON HKBAPATHj B8Q. 

nPHE amoke of the pnff-baU, it iawell known.faaa been long cm])loyed 
in lome parts of the country, by apiarists, for stupefying beea. 
In a paper " On the Anesthetie FTopertieaof ^e Lycoperdon proteus, 

or common Puff-ball," which was read before the Medical Society of 
London in 1853, Mr. B. W. Richardson called particular attention 
to this fact, and stated that the fumes of the burning fungn? pro- 
duced the most perfect anaesthesia, not only in insects, but also in 
dog:i, caU, rabbits, aud probably in all the larger animals, and might 
•onaequently be applied aa a aubatitiite Ibr the ?apour of cMoroform 
and 9ther in producing insensibility to pain in surgical practice; 
With the assistance of Dr. Willis, he said, he had remoyed a large 
tumour from the abdomen of a dog that had been placed under the 
influence of the narcotic, without any sign of pain being exhibited by 
the animal during the operation. From this gentleman's experi- 
ments it appeared, that when a moderate quantity of the fumes was 
inhaled slowly, the narcotism came on and passed off slowly, the 
animal exhibiting all tlie sywptuma ot mtoxication, witii convulsions 
and som^intea vomiting ; but that whta th^y were administered in 
laiger quantity, life waa invariably destroyed. The conaideration c£ 
thMC and other 6cta induced Mr. Richardson to conclude, that the 
peculiar effects that were produced by tlie inhalation of the smoke 
of the j^uff-ball were caused by a volatile narcotic principle contained 
in the iungus, w hich was liberated by the action of heat, but was 
not absorbable by water, alcohol, or a strona; alkaline solution. What 
the exact nature of this principle was, however, he confessed hun.-elf 
to be unable to determine. About eight or nine months ago I care- 
InUy repeated Mr. Riofaardaon'a ezperiments» and after making several 
latUe attempta* at last, I beUeve» aucceeded in boiating the narcotic 
constituent of the amoke. 

Ihe first step I considered it necessary to take in the investiga- 
tion, was to determine in what part of the fungus the anaesthetic 
ingredient was contained; that i? to -^ny, whether in the sporules, 
the cellular tissue, or the matters soluble in water. I accordingly 
digested two or three ounces of the fungus, previously torn up into 

F2 
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■mall places, in moderately wnrm uster, and by means ol pressure 

and washing, separated the sponiles and solnble oonstituento from 
the cellular matter. Hien, by allowing the water that had been 

used in this operation to remain undisturbed for seyeml hours, the 
sporules were collected m the form of adark brown-coloured, muddy 
deposit. This was \?ell washed once or twice with water, and 
dried lu ua oven, was also the cellular matter, and the watery 
solution was evaporated to dryness. On testing these ttnce sub- 
stances, it was found that only two of tiiem, namely the sponiles 
and the cellular tissue, were capable of producing anesthesia ; the 
aqueous extract evolved a thick irritating vapour, but this dad not 
occasion Insensibility on inhalation. 

It was clear, therefore, that the narcotic ]irinri])lr' should be looked 
for in the tw9 former. Accordingly, small portions of each of them 
were digested for several hours in boiling alcohol, aither, bisul- 
phide of carbon, wood-spirit, chloroform, diluted sulphuric acid, and 
nisd oil, but in every instance the residQary matter, when pressed 
and drieid, was found to retain its origmal narcotic quality. FMh 
quantities were then soaked for a considerable peiiod in hot alkaline 
fye, and in a hot solution of moderately strong nitiie acid, until 
nothing further was dissolved out by either of the reagents ; the 
insoluble portion was well washed with water, and again dried in an 
oven. On this being tested as before, anaesthesia was found to be 
no longer produced. 

In the next series of experiments I operated in a different way. I 
introduced thefomesof the bumingfungusintobottles containingsmali 
quantities of liquor potassK. dilate hydrochloric acid, alcohol, fosel 
oil, and diluted mdphuric add. The bottles were then well shaken for 
several minutes, and the properties of the purified fumes were tested 
by introdnrmg flies, bees, or wasps, secured by cement to the ends 
of long splinters of wood, into the bottles, and observing- theoffect«». 
In every case, however, insensibility was still jircMluccd, thusfchow ing 
that the narcotic quality of the fumes was not caui^ed by any body 
soluble in these solutions. There being no substance with which I 
am acquainted, eicept carbonic oxide, nitrous oxide, and perhaps 
some compounds of cyanogen which possess sll these properties ; 
and having, moreover, in the mean time read a paper, by M. Adnen 
Chenol, *' On Pure Oxide of Carbon, considered as a Poison*," it 
immofliately occurred to me that it was the former of these substances 
that ^vn8 the cause of the narcotism. I therefore specially examined 
tiie fumes for carbonic oxide, by ao^itating them with an acid solu- 
tion of chloride of copper, and also by absorbing the carbonic acid, 
ammonia and oxygen, by means of lime-water, diluted muriatic acid, 
and a solution of the piotosulphate of iron saturated witi^ nitric 
oxide gas, when indications of the presence of carbonic oxide were 
readily obtained; the fumes, after agitation with the solution of 
chloride of copper, no longer induced narcotism ; whilst those, <m the 
contrary, which had been treated with the other solvents, were more 

♦ Comptes Rendui, No. 16, AprU 17, 1854. 
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tliin ordiiiarily powei^ and rendered an insect inttenrible much 
mm quickly than before ; they also burnt with a blue flame, and 
possessed all the well known characters of the oxide of carbon. The 

correctnc?? of this conclusion was, moreover, confirmed by experi- 
mentinf^ with carbonic oxide prepared by acting on oxalic acid with 
oil of vitriol, and passim?- the pas evolved throug-h caustic soda-ley. 
£ven when largely diluted witii air, it t&tiU. cuutiuued to produce 
insensibility in insects, and acted in every way like the purified fumes 
of the Lycoperdom*. 

It is not difficult to understand how carbonic oxide is formed by 
tiie ignition of the fungus, as this gas is invariably produced in larger 
or smaller quantity when certain organic substances are decomposed 
by heat, though some yield it in greater proportion than others ; and 
consequently, as might have been anticipated, 1 find that the fumes 
of several other funj^i act in the same munnt r towards animals as 
those of the Lycoperdon proteus. I'he principal of those to which I 
allude are the common XyeopenftM of the druggist, L. gigtmteum, 
mud the mushroom, Agwriatt eompeHrU, 

Old Park, Bristol, 
May 2(^1856. 



ON A STKONGLY FLUOJIF..SC T NT FLUID. BY RUDOLPH BUTTGEK. 

"Dr. BOttsrer has informed Prof. Poggcndortf, that a solution of 
pkitino-cyanide of potassium possesses the property of fluorescence 
iu a atill liiglier degree tiian sulphate of quuiiue. The sulutiun of 
the metallic salt fluoresces with a yellowish light, lesembUng one 
of the odours exhibited by its dichroitic crystals. — ^Poggendoiff*s 
ilimdSeiit vol. xcr. p. 176. 



ON TU£ QUANTITATIVE DLILilMlNATION OF WAXLH. 

BY DR. H. VOHL. ' 

Water is almost always determined by the lofis which a body 
undergoes when exposed to a high temperature. In those cases, 
however, in which the cooatitaenta of the body under investigatioa 
are liable to change when heated by taking up oxyg^en, the deter* 
miuation of water is attended with many difficulties, and unsa- 
tisfactory results are in consequence often obtained, llie method 
usually employed consists in heating the body in an atmosphere 
free of oxygen, and parsing the gas charged with watery vapour 
• through a carefully weighed chloride of calcium tube. The loss of 
the substance should then be exactly equal to the incicuiie ui the 
w^ght of the chloride of calcium tulie. 

Another method which I have frequently employed with very 
satiaftctory reanlta, conaiata in mixing the readily oxidizaUe aub* 

• See also * A Treatise on Poi«ions,' by Professor Chnstison, 4th edition, 
p. 827« for an account of the pccuhar etiects produced by the inbalaUon of 
the odde of carbon. 
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stances with an excess of bichromate of potash, pouring water over 
the mixture ia a platinum or porcelain crucible, and then drying it. 
i^ral in the water-batb and alterwards in the air-bath, at 392 Fahr. 
In many caces the mixture may be heated aXmoet to ndiwtt over 
the flame of a lamp. 

The mtermizture of bichromate of poliah ia a tource of oxygen, 
which readily fiinushea that substance to the oxidlzable body, with- 
out, however, in any way altering the weight. Consequently if the 
weight of the substance employed, and of the bichromate of potash 
added to it be known, the loss, if no volatile body be present, gives 
only the quantity of tlic water contained in it, and volatilized from 
tiie substance under inve^tigutiuu. it is a mallei ui course that thia 
anbttaoce ahould contain neidier oigaaic oompoimdi nor ammo- 
aiaoal aalts. addition «if bichromate ol potash b not alwayt 
adTiaahle, but in many cases the neutral talt must be employed^ aa 
in many salts the acid will have a decomposing action upon the 
chromic acid, giving rise to an evolution of oxygen or chlorine, 
and thus a higher amount of water will bo obtained. This will 
occur, for instance, with all protosalts of iron containing: sulphuric acid 
or chlorine ; with these the neutral chromate of potash muat always 
be employed, when, if the heat be not raised to redness, no decom- 
position ai the ehromic add will take place. Hie chromate employed 
must be perfscdy dry and free from all organie matter. 

To obtain it ta this state, the commercial salt is to be purified hy 
crystaUization, and the crystab obtained fused at a gentle heat 
(below redness) in a platinum or porcelain crucible. On cooling, 
the mass solidifies at first in a crystalline form, and afterwards falls 
into a coarse powder, which may be employed without further pre- 
paration, and should be weighed while still warm. The neutral 
chromate ul potash is dried in a covered crucible and weighed^whiUt 
warm. — liebig's AmuUen, May 1855, vol. zdv. p. 216. 



OV TSS DlTBianVATION OV LTMS. BT B. TOHL. 

Lime is usually determined either as carbonate or sulphate. A 
method which furnishes very exact results consists in predpitating 
the fime in the form of oxalate, washing the predpitate by decanta- 
tion, and then treating it in the apparatus of Will and Preseniua 
with bichromate of potash and snlphuric add. If a few particles 
float upon the surface during the decantations, they may be got rid 
of bv the addition of n few drops of aether. Tlie sulphuric acid ^et* 
free the oxalic acid of the lime-salt, which is then oxidized by the 
chromic acid, forming carbonic acid, which is evolved. From thia 
loss the amount of lime is calculated in accordance with the follow- 
ing formula :— 

3(CaO. C« O ) + KO, 2(CrO^) + 7(S0') 

ss 3(CaO, S0») + KO, SO» -|- O" + 3(SO') + 6(C0«), 

or for 84*396 ol lime, 132*000 of caibonic add will be evolved. 
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Aa t)ie vBihing by decantatimi leqaires aome uractice, and ia not 
always praetieab&« tfie oxalate of Hme may be filtered and washed ; 
then dissolved on the filter with very dilute boiling muriatic acid. 
The aolotion obtained, which may be reduced by evaporation if 
necessary, is then put ipto the apparatus for the evolution of the 
carbonic acid, and after It has been neutralized with ammonia, the 
chromate of potash is added. In order to prevent any evolution of 
chlorine, a small quantity of oxide of mercury must be added before 
the sulphuric acid is added to the mixture. — Liebig's AufiaUn, May 
1855, vol. xciv.p. 217. 



ItBnOSOXMICAI. OB8BBTATION8 FOB MAT 1866. 

Chmvtck. — May 1. Densely clouded : dry haze : clear. 2. Clear : sharp frost at 
Bight 3. Fine: densely overcast. 4. Cloudy and cold : firoaty. 5. Excessively dry 
tir, with bright sun. G. Fine. 7. Fine : OTercast : boisterous at night. 8. CI oikIv: 
dear, with sharp frott at night. ^. Fine : rain at night. 10. Cloudy. 11. Cloudj 
and fine : thunder-ttorm in afternoon : deer. 12. Cloudy end cdd : venr deer: 
frosty. 13. Overcast : boisterous, with heavy rain at night. 14. Cloudj. 15. 
Cloudy : rain. 16. Cloudy: clear and frosty at night. 17 — 19. Very fine. 20. 
Foggy': very fine. 21. Overcast. 22. Cloudy. 23 — 25. Fine. 26. Very fine : 
hot end dry. 27. Slight heze : doac^ ; nin. 88. Rlin. 29. Qoudy : showery. 
80. Cdd showers. 31. Rain. 

Mean temperature of the month 48°-88 

Mean temperature of May 1854 50 '07 

lieu tempentiue of May for the liit twenty-aino yeen ... 53 -72 
▲v«Kge amoQni ofrein in May 

Botton. — May 1. Cloudy. 2. Hoew 3. Cloudy : rain and snow p.m. 4 — B. 
Cloudy. 7. Cloudy: rain am. and p.m. 8. Cloudy: rain, hail and snow p.m. 
9. Clmidy. 10. Cloudy: rain a.m. and p.m. 11. Cloudy: rain p.m. 12. Fine. 
IS. Chrady: rein poi. 14. Cloudy. 15. Cloudy: rein A.11. 16, 17. Cloudy: 
rain P.M. 18— 20. Cloudy. 21. Cumdy srein A.H. andp.ic 22. ClOQdy. 29-> 

28. Fiiio. 29—31. Clondy : nin A.11. end p.if. 

SoHdwieJk 3fimse, Orkney. — May 1. Cloudy a.m. : clear, fine p.m. 2. Drizzle A.M. : 
shoDicrs P.M. 3. Hail-sbowers a.m. and p.m. 4. Cloudy a.m. : clear p.m. 5. 
Cloudy A.M.: rain p.m. 6. Sleet-showers a.m. and p.m. 7, 8. Sleet-showers A.M. : 
eloudy p.11. 9. Heil, frost A.if. 1 deer p.m. 10. Bright A.if.s dondy p.m. 11. 
Clear a.m. and p.m. 12, 13. Bright a.m.: cloudy p.m. 14. Cloudy a.m. : clear 
9M. 15. Showers a.m. : cloudy p.m. 16. Cloudy a.m. : showers p.m. 17. Bright 
AJf.: drops F.M. 18. Bright a.m. : cluudy p.m. 19. Showers a.m. : doudy p.m. 
20, Erifht A.M. : dear, fine p.ir. 21. Cloudy a.m. and p..m. 22. Smell rein am, 
STif! r Ar. 23. Snaall rain A.M. : clear, fine P.M. 24, 25. Ha7y a m. and p.m. 26. 
l)Tom A.M. : cloudy p.m. 27. Hazy a.m. and p.m. 28. Cloudy a.m. and p.m. 

29. Bright A.11. : deer pje. 90. Cloudy a.m. end p.m. 31. Ctnr a.m. end p.m. 
This month heelwen remarkably cold, the meen temperature bdng lovrer than 

that of any ^!ny flnrinrr ihr twenty-eight year<? of my ohser\-ations, — 4°*18 helow 
the average, and the turst h&lf of it was only about the average temperature of 
HiMh. 

Meen temperature of May for twenty-dgbt pravioQe yean . 47^*99 

Mean temperature of this month 43 '81 

Mean tentperature of May 1854 48 *39 

Average quantity of nia la May for iovitaen pre«ie«e ytmt 1*68 ineb. 
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X. On the Foimation of Tndiyo-hJue, — Part I. 
By Edwa&o Schunck, Fh,D,, F,ILS,* 

INDIGO^ one of the most importaQt and extensively used 
dyeiy owes its value entirely to a pecu^ oolonring matter 
contained in it, to which the name of indigo-blue or indigotine is 
applied by chemists. ^Hiis sabstance has been repeatecQy sub- 
jected to investigation! and several distingaished diemists have 
bestowed their attention and labour upon it. Its properties, 
composition, and products of decomposition, have been so care- 
fiilly examined, that it may safely be asserted that there are few 
organic substances whose nature is more accurately known than 
that of indigo-blue. If, however, we inquire into the state of 
our knowledge regarding the origin and mode of formation of 
this body, it will be found that our information on this part of 
the subject is extremely defective. Indigo-blue may be obtained 
from a variety of plants, which, though belonging to the most 
different genera and oiders, are rather limited in number. It 
has sometimes been observed to form in the milk of cows, espe- 
cially such as have been fed exclusively on saintfoinf* Latt(;rly 
it has been discovered by HassallJ and others § in human m ine, 
where its occurrence is attributed to a morbid st;it(' of the system. 
It is therefore a substance which is formed sparingly indeed, but 
in widely distant parts of tlic organic world. The properties of 
iadigo-blue, which are so peculiar as almost to separate it irom all 

^ Yvm the Hemoirt of the Lttersry and PfaUosophiesl Society of Man'* 

fester, vol. xii. ; read April 3, 1855. 

i" Annaltm rie Chimir et dc P/njsiijue, vol. iu«p«269« 

J Philosophical Tninsact uius tui 185-r 

^ Ann, der Chem. unU P/tann. vul. x( . p. 120. 

PiU/. i%. S. 4. Vol, 10. No. 64. Ai4g. 1855. O 
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other orgaaic bodie^ and to oonatitate it one tmsfenari$, natonlh 
anggeat Uie inquiry^ in what fbrm it ia contained in the planto and 
animals from which it ia derived. If it exiata ready formed in the 

indigo-bearing plants, how i^i it thai though^ when in a free ftate, 
insCMuble in water^ acids^ alkaliea, alcohol, and most simple meQ« 
strua, it should so easily be extracted from those plants by a mere 
infusion with cold water ? If it does not pre-exist in the plant, in 
what state of qemhiiiation is it contained therein, and what is 
the nature of the process by which it is eliminated t The uaoal 
method of pi'eparing indigo from the Migofera consiata in steep- 
ing the plant, especially the leaves, in water, drawing off the 
infusion, allowing it to undergo fermentation, and then precipi- 
tating by means of agitation with air and the addition of lime- 
water. Now it may be askrd, is this process of fermentation, 
which is often ver^^ tidious and ditiicuit to manage, essential to 
the formation of mdigo-blne, or is it merely an accidental ph[e- 
nomei]( n attending its preparation? If it is essential, at what 
stage of the process is the formation of the colouring matter to 
be considered as completed; and is it necessary, as some l ersons 
assert, to continue it until actual putrefaction has commenced, 
or not ? These are points, which, though perhaps of little con- 
sequence to the dyer and consumer of indigo, are of great interest 
in a chemical punit of view, and arc of the greatest niiportance 
to the manufacturer of iudigo. Tu the latter it must surely be 
extremely desirable to know the exact nature of the pi^ocess on 
which hiB manufacture depends, and to ascertain whether this 
process yields into hie hands the whole quantity of the prodoal 
whidi ue material employed ia oapable of yielding, and abe 
whelh«r the maanev of aonduoting il ia in peifeet aeaoidaMe 
with ihaoiatical requiiemeata, Jt, howevw« wa afmanh the anthoia 
who have written OB fthiaaahjeel^and the ahemialawhohav^eBdaa- 
vonred to ehnddate it, wa aoaU obtain very unaaliafaetoiy lepliaa 
to onr Inqubiea. The viewa anleiiained on thaae diflbient pointa 
are either mere aanniiea^ or they are ooneluaiona founded on a 
limited number of frequently imperlbat experiments. The t^ki 
eauie of our ignorance on these queationa ia, probably, that the 
process of manufacturing indigo is one carried on, not in the 
more highly eiviliaed regions, but in remote parte ol the world ; 
and we are consequently cbhged to rely for our knowledge eon- 
oeming it i^efly on the accounts of travellei s, who are usually 
possessed of merely general inlinrmation, orol the maBufkcturera 
themaelvea^ who are far from competent to give an opinion on a 
complex organo-chemical process. 

Fourcroy, according to Robiquet, considered the formation of 
indigo-blnc to be a result of the proeeaa of fermentation em* 
ployed in ita preparation. 
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Roxburgh, who is the earliest authority I have had an oppor- 
tunity of consulting on this subject, states that his predecessor, 
De Co6signy, who!5(^ work on the Tnanufacture of iiidi^o, pub- 
lished in the IMuuntius^ ib very rare, was of opinion that volatile 
alkah was tiic atrcnt by which the colouring matter was extracted 
from the plant and held iu solution until volatilizt d by the agi- 
tation process. Roxburtrli, wlio, like De Cossitrny, was one of 
the few possessing special cheuucal inforumtiou who have ex- 
amined the process of manufacturing indigo from the Indigofera 
on the spot, concluded, from his experiments, " that the indigo 
plants contain only the base of the colour, which is naturally 
green ; that much carbonic acid is disengaged during its extri- 
cation from the leaves; that the carbonic acid is the agent 
whereby it is pvobaijly extracted and kept dissolved ; that am- 
monia is not formed during the process ; that the use of alkalies 
is to destroy the attraction between the base aiul the carbonic 
acid ; and that the vegetable base being thereby set at liberty, 
combines with some colouring principle from the atmosphere, 
fornnn^ therewith a coloured insoluble fecula, which I'alk to the 
bottom and constitutes indiyo*." Roxburgh first directed atten- 
tion to tne faet, that it is possible to obtain indigo by merely 
treating the plant with hot water, and then agitatini^ the mfn- 
aion with air, from which it follows that fcrmentatiou is not an 
absolutely essential condition of the formation of indigo-blue. 

Chevreulf, who was the first chemist of any eminence who 
examined the indigo-bearing plants and their a)nstituent8, in- 
fared from his analyses of the Jsatis tinctoria and Indigo/era 
mml, that these plants contain indigo in the white or reduced 
•tatey in the Mune state in which it exiata in the indigo ?at ; that 
in tlUs state it is held in tolution by the vegetable juices ; and 
that when thia aohition is remored from the plant, it is converted 
hy the acticm ni the atmospheric oxygen into indi^go-bhie. The 
•athoirity ef ao distinguished an investigator as Chevreol has had 
great weight with dbmat^ and moat persona have adopted his 
yntm without quastion, though it ia liwided ehiefly cm the fret 
of the eokniring matter being deposited from a watery extnol ol 
the phmt, and of the only form m whieh it iaknown tobescdiiUe 
in water being that of rcdnosd indigo. 

According to Michdottit^ the extraction of indigo consists 
mmply in dissolving a compound of rnaho aeid snd indigo^ which 
ia afterwards decomposed by the precipitsnts employed. 

A few yean after the appearance of ChemoFs memoirs, 
Giobert, Fkofessor of Chemistry at Tm*in, published a work on 

* Trnrisactions of the Society of ^Vrts, vol. xxviii. 

t Ann. (k Chim. ser. 1. vol. Izvi. p. 6^ vol. Ixviii. p. 284. 

X Journal de Phytique, Avifl 1819. 
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Woad^j which enunciates ideas on this subject far more neaily 
approaching the troth than thoae either ai hiapiedeeeBaon or 
aneoesMtta on the lame field investigation. The ehief oonela* 
nona at which he arrived, psrtly by experiment and partly by 
reasoning^areeontainedintbefoUowing propositions :^1* Indigo- 
blue does not pre-exist in the nlant, but is formed the opBit* 
tions by means of which we boieve it to be extracted. 2. There 
eadsta in a small number of plants a peculiar principle^ different 
from dl the known proximate constituents of plants, and which 
has a tendency to be converted into indigo; this principle may 
be called indiffOjfene, 8. This principle differs from indigo in 
4»ntaining an excess of carbon, of which it loses a portion in 
passing into the state of indigo-blue, by means of a small 
quantity of oxygen which it takes up. 4, The loss of this pOl^ 
tion of carbon is caused by the latter undergoing combustion, 
and being converted into carbonic acid« 5. It differs in its pro- 
|ierties firom common indigo in being colourless, in being soluble 
m water, and by its greater combustibility, which causes it to 
undergo spontaneous combustion at the ordinary temperature of 
the atinoH])hcre. 6. Its combustibility is enhanced by heat and 
by combination with alkalies, especially lime; it is diminished 
by the action ot all acids, even carbonic acid. 

About the year 1 HHl), the Pohinommi tinctorhtm^ an indigo- 
bearing plant iiu]i!::Liiou8 to Chaia, became the subject of a series 
of investigations by several French chemists, chieiiy in order to 
ascertain whether this plant, if grown in France, could be advan- 
tageously employed tor the preparation of a dye lu substitute 
foreign indigo, so as to obviate the necessity of paying such 
Iarg(; snms to foreign nations for this article, a necessity which 
seems at all times to liave been a subject for extreme regret in 
France, l^aurlriraont and Pelletier, after an cxatmuation of this 
plant, cuncuriid in the opinion of Chevreul, iliat the indigo is 
contained in it as reduced indigo ; and the latter adduced in 
support of this view an experiment, which consisted in treating 
fresn leaves of the Polygonum with a^ther^ taking care to exclude 
the air^ until the green colour had changed to white, when, on 
exposure to the atmosphere, they speedily became blue* Robi* 
quett> Colin |, Turpin §^ and Joly ||, on the other hand, expressed 

* Traiie sur It Pastel et V Exlruction de son Indigo. Paris, 1813. 

t JoitnuU tk Pkarmaeie, vol. xxv. p. €2. 

X M^noin mr la Bmou^ des TtuUwriers. Paris, 1B35>. 

^ J'y,i,fr^ tmrrh-.roi^hfUfn ffiir hghement de la nwfUrchlcue dans le.'ifeniUes 
du I'ulvguuum tiuctoriuui, Memoire lu il VJcadetaie des Sciences le 12 
A'ormore, 1838. 

II Observatians gMrtikf mir lesplanie$ qui peuvent fournir de$ CQukttn 
hktmhlatemture, Montpellier. 1839. 
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a very decided conviction tlint nnligo-bluc piT-cxi«:ts in the Pohj- 
gonum tinctorinm, but not ni a tree state; timt it is combined 
with some organic substance or substances, which render it 
sohiblc in water, rcthcr and alcohol; and that it requires the 
operation of potent a«2:encics in order tn destroy this combination 
and set tlu- nulicro at liberty. Osmm llervey*, in a memoir on 
the Polyyomun tincturunn, which in some parts is rather obseurp, 
inferred from his experiments : — 1 . That indigotine exists iu 
the leaves of this plant in a state of combination with a resin. 
2. That this natural comj)ound of indigo and resin contains both 
white indigo and blue indiqo, and of tlic latter a larger propor- 
tion the older the leaves arc. 3. That by the intltu-nee of cer- 
tain organic substances, the indigo-blue is again reduced to the 
eoloorless state, if the solutioti be effected by means of water, 
without any destruction of the natural compound taking place. 
Qirardin and PreUaerf again returned to Chevreul's view, that 
the colouring matter ia contained in the leaves of this plant in 
the form of reduced indigo. Since the publication of these trea* 
tiaea, no new ideas have, aa £eir as I know^ been promulgated by 
diemiats in lefermoe to this subject];. 

It will be seen that the opinions of the chemists which I have 
just shortly reviewed are of three kinds, and may be stated as 
follows : — 1. Indigo-blue exists ready formed in the plants from 
which it is derived. 2. It is contained in these plants in the 
form of reduced indigo. 3. It does not pre-exist in the vege- 
table, but is formed subsequently to the extraction of the latter 
by means of a process of fermentation, a process which manifests 
itaelf by the evolution of gases of various kinds. To each of these 
views very strong objections maybe raised. If the colouring matter 
is formed at once in the plant, it is difficult to conceive by what 
means it comes to be dissolved by water, for no combination of 
indigo-blur with any organic substance can be produced which 
is sohiblf in \\ att i-. If to this it be nhjcrtcf], that a compound 
of this nature is produced by tlic plant, and cannnt nffer decom- 
position be reproduced, then it is at once admitted that iudigo- 

♦ Journal de Pharmacic, vol. xxvi. p. 290. f Thid. p. 344. 

X I cannot refrain from expressui^ on the present occaition my regret, 
wlucb is probftbly shared by many others, at thewsntof agenemlehMiiietl- 
bibliognpliy, comprising references to all the known works, treatises, papers, 

&r. on cncmical suhjccts written since the commcnce^nu-iit of the modem 
icra in elu miMtry. In scarchiut; fur the autlioritic^ rfftTrcd to in this pii])er, 
1 have felt this want very sensibly. It i* with some difficulty that the 
mere names of all the works and memoirs relating to any special braneh of 
the science, particularly such as have fallen into oblivion, are disoovered* 
The only attempt to snpply this deficienry, nnd that only in rcfrnrd to one 
department of coemistnj is ViolS^^QiieUeiUUcraivr der OryuRtschen ChenUe, 
Halle, 1B45. 
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blue is not contained as j^uch within the ve]0:f.table. That it 
cannot exist m reduced indigo iscMek'nt, since t fit latter reqaires 
the presence of some alkali for its solution m water, and the 
juice ot most, if not all, indigo-bearing plants is acid. It is 
diiii( ult, moreover, to conceive how deoxidized indisro, a body 
having 80 great an affinity for oxygen, can exist in the intenor 
of plants which we know arc constantly evolving that element. 
That the colouring uiatt( r is formed by the process of fermenta- 
tion to which the extract of the plant is subjected, as it is the 
oldest, 80 it is the most probable view. Never ihi- less, the fact 
thtit iudiGro may be procured from plants by mere infusion with 
hot wiitci and precipitation with lime-water, without any of the 
usual signs of fermentation being manifested, appeart; to nHlitrite 
against this view. On one point all authorities seem to airree, 
via. that the contact with oxygen is a netebsary condition of the 
formation, or at least precipitation of the indigo from the wateiy 
extract*. 

Such being the state of our kuowl^ge on this rather obscure 
department ot chemical science, I resolved, though without anti- 
cipating any very decided success, to endeavour to throw a little 
more light on it. I was induced to do so chiefly by the following 
consideration. The principal vegetable colouring matters have 
now been discovert d to be not direct products of the vital energy 
of plants, but products of decomposition of substances contained 
111 the vegetable, which are tlicmselves mostly colourless. The 
formation of these colourmg matters takes place equally well out 
of the plant as within it. Indeed, it is probable that it never 
happens within the plant untd decay has commenced, or at least 
untd the vital energy has begun to decline. The processes of 
decomposition by which colouring matters are formed from other 
substances are of two kinds. The first consists in the absorption 
of oxygen and the elimination of hydrogen in the form of water ; 
it u a proeess of decay ( Verwetung, Liebig), and requires the 
preoeiice» not only of oxygen, but of some alkali or other base. 
The second process is one whidi consists in the splitting up of 
the originsl compound into two or more simpler bodies, of which 
one or more aie colouring matters j it is a process of ferments^ 
tbn, and may in general be efieetod as wdl by the action of 
stfong aeids as by that of ferments. The first process gives rise 
to colouring matters of a very fugitive nature, such as ^e eokmr* 
ing mattera of locoed ana arebil. Indeed^ in thia cue the 
couraring matter, if this name be applied meiely to sitlMtaiieea 

* nchVn is t!ie only chemist who, as far as I am aware, has asserted tki^ 
the a^'itiitmn with iiir m the mauufacture of iniligo may have tor \Xn oHif*rt, 
not BO much the uxuiauou as the lUKr^ntion or aeparatioii of the imrtieics 
' of iadigo from the ifihitkn. Vlii9%hw digger's Journal, vol. n. 18 U. 
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endowed with a striking and ])08itive colour, is only one of a 
long chain of bodies succeeding one another^ and is generally 
not the last pioduct of decomposition. The other process, of 
which the formaliou of alizarine ia an example, yields colouring 
matters of a fixed and stable character, which are not further 
changed by a contmuance of the process to which they owe their 
formation. Now if indigo-blue be a body which is formed from 
some colourless substance existing in the plant, we should infer 
^ priori that the process by which it is formed is one of fermen- 
tation or putrefaction, not requiring the intervention of oxygen 
or of alkalies ; a conclusion, however, so much at variance with 
the generally received ideas on the subject of the formation of 
indigo-blue, as to require the aid of very decisive experiments 
for its establish HI e^nt . 

I shall now proceed to give an account of the experimeuts 
which I have undertaken with a view to elucidate this subject. 

The only plant cultivated in this country which is known to 
yield indigo in any quantity is woad, Isatis tinctoria ; and as it 
was necessary to examine the indigo-bearing plant in a ficdh 
etAte and in considerable quantities, I had recourse to this one 
for tlie purpose. Having procured 10 lbs. of good French woad 
feed, I MMred it at the commencement of the spring of last year 
on AbofQt half an aere of liad. It was sown in drills about two 
foel apart, aaeh drill being previoi^y well supplied with jfarm« 
yard ttiantife* In a short time the young plants appeared, and 
pew vigorously during the summer months. Bome of tile planti 
bore flowers, and ripened thdr seeds in the eourse of the autumn. 
- At no time dttring the whole progress of the growth wm 
thm any visible indixaitions of the presence of blue colouring 
matter on the leaves or stems. Some of the ripe seeds only 
Wtfve tinged with a dark purple colour, forming a thin eoating 
on the eMrior. The greater proportion of the plants, howefeiPj 
bore leaves which did not exhibit the ghracous appefarance nor 
the fleshy consistencyi whieb, according to authors, are charae* 
teristic of the cultivated variety of wood. They were, on the 
contrary, of a bright grass^green, and possessed but little Biicett« 
lenoe*-HsliarBcter8 which belong rather to the wild variety. 

As soon as I eould collect a small quantity of leaves, I etm*. 
menced my exnerimenta. Having taken some leaves, I chopped 
tliem line and then estraeted them with boiling water. Thefiltmd 
liquid was light brown and transparent; it had a bitter taste and 
an aeid reaction* It deposited no indigo-blue, however long it 
night be left exposed to the atmosphere, and hence it might 
lunre besn inferred that it contained no indigo-blue. Neverthe* 
leas, a vety simple expcnment sufficed to show that it was capable 
of yialdiDg an appreciable quantity of that cdouringmatter. Oa 
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sddiiig to it solphmic or murutie add and boiling, it beenae ol 
a darker colour, and dqxwited a quantity of dark brown^ abaoat 
black flocks. Now theae flocks contained indigo-blae ; for if 
after collecting them on a filter and washing ont the aeid^ they 
were tmted with boiling alcohol, they communicated to the 
latter a bright blue colour; and on being treated with a boiling 
j^llfftHnft solution of protoxide of tin, they gave a y ellow aolutioii^ 
which on exposure to the air became covered with a thin Une 
film. A small quantity of finely'-chopped woad Iteves having 
been pounded in a mortar with water until converted into a 
uniform green pulp, yielded on being strained through calioo a 
dark green opake liquor. On heating thia liquor to near the 
boiling-point^ the vegetable albumen contained in it coagulatedj 
cfRying down with it the green colouring matter. On now 
filtmng through paper, a green coagulum was left on the filter, 
while a clear light yeUo w liquid ran through . On adding acetate 
of lead to the liquid, a yellow precipitate fell ; and on again filter- 
ing, the liquid ran through almost colourless. The lead preci- 
pitate being decomposed with dilute sulphuric acid, the filtered 
acid liquid was boiled, when it gave a few black flocks, which, 
however, contained no indigo-bluc*. If, however, sulphuric or 
muriatic acid in excess were added to the liquid filtered from the 
lead precipitate, the liquid soon became green, and began to 
deposit indigo-blue even before it could be filtered from the sul- 
phate or chloride of lead, and after filtration and boiling it yielded 
flocks containing an abundance of the colouring matter. If acetate 
of lead waa added to an extract of woad leaves made either with 
hot or cold water, if the precipitate thereby produced was sepa- 
rated by filtration and ammonia was added to the filtrate, a pale 
yeUow precipitate fell . This precipitate having been decomposed 
with sulphuric acid, the filtered acid liquid gave on boiling flocks 
containing indigo-blue, while the flocks obtained in a similar 
manner by boiling with acid the liquid filtered from this preci- 
pitate gave no indigo-blue. If this lead precipitate was treated 
with a cold concentrated solution of carbonate of soda, a yellow 
solution was obtained, which on being tried, as before, with aul- 
phuric acid, afforded no indigo-blue ; whilst the precipitate, on 
being treated with acid, gave indigo-blue as before. But if the 
lead precipitate was suspended in water, and a current of car- 
bonic acid gas was jiassed for some time through the liquid, it 
was completely decomposed : its colour changed from yellow to 
white, and it now consisted almost entirely of carbonate of lead, 
whilst the liquid had acquired a yellowish colour, and on being 
boiled with acid, deposited a quantity of blue flocks, which con- 

* If the acetate of lead if in the least degree contuninsted with basie 
MBetste, it will be fouod to predpitste aomeof the ipdiyHpo d nchig bo^jr* 
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sisted of iiicligo-bluc in a state of great purity, as they dissolved 
in boiluig alcohol with a beautiful blue colour, the alcohol depo- 
siting on cooling crystalline scales, which were blue by trans- 
mitted, and copper- coloured by reflected light. If, instead of 
adding acid to any of the aolationa yielding indigo-bluc, caustic 
aoda was first added in excess and the solution was left for a few 
momentSj and then boiled with an excess of acid, it merely 
became brown without depositing any indigo-blue. Having 
taken some finely-chopped woad leavesi I pounded them in a 
mortar with cold alcohol. On filtering, I obtained a clear green 
solution^ leaving on evaporation at a gentle heat a green syrup, 
from which, on^the addition of water, a quantity of chlorophyll 
and fatty matter separated in drops. The watery solution, which 
alter filtration had only a yellowish tinge, on being boiled with 
the addition of sulphuric acid, deposited a quantity of puq)lc 
fiocks, which were treated, after filtration and washing with 
water, with successive portions of boiling alcohol. The first 
portions of the alcohol with which they were treated acquired a 
beautiful purple colour, and the last portions a pure blue, each 
portion depositing, on standing:, some flocks of a line blue colour. 
The pTcen mass insoluble in water contained no indic:o-blnc. 
Having carefully dried a few woad Irnvr^^, T rcducrd thcxn to 
powder and then treated them in a bottle with cold jcther. I 
obtained a dark green solution, which after being filtered and 
evaporated, spontaneously left a green syrupy residue, from 
which water extrncted, as in the precedin<!^ case, a substance 
which, by the act ion of boiling sulphuric acid, yielded on abun- 
dance of very pure indigo-blue. 

By these and similar simple and easily -periormed experiments, 
I was enabled to infer, with positive certainty, that the Isatis 
imctoria contains a substance easily soluble in hot and cold 
water, alcohol and aether, which, by the action of strong mineral 
acids, yields indigo-blue ; that the formation of the colouring 
matter from it can be effected without the intervention of oxygen 
or of alkalies ; and that the latter, indeed, if allowed to act on it 
before the application of acid, entirely prevent the formation of 
colouring matter, and it now only remained to separate it from 
the other constituents of the plant and ascertain its properties 
and composition. But, though I arrived at the condusion just 
stated without any great difficulty, I found that the isolation 
«nd preparation, in a state of purity, of the substsnce whose 
existence had been indicated by these experiments, constituted a 
problem of no easy solution* I soon discovered that this body 
is extremely liable to decomposition ; so much so, as completely 
to justify the ass^r^n of an author, who, in speaking of the 
difficulties of the manufacture of indigo, says that nothing is 
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more fugitive, and more liable to be acted on bv destructive 
agencies, than the colouring principle of the Indtgo fi r(p^** Tte 
continued action of water, even at a moderate, but especialiv at 
a high temperatui'e^ as well as that of alkalies, I fouml to in (luce 
% complete change in the body which I was endeavouriiiL: to 
isolate. Hie fact of its being completely precipitated from the 
waleffj extract of woad by means of acetate of lead and amnioina, 
ind of the lead compound beiug i-eadily decomposed by means 
of s oamnt of etrbonic aeid gas, seemed at first to lead to an 
easy metihod of preparatioii. But ou extracting a large quantity 
of the plant with cold water^ adding sugar of lead to precipitate 
the albumeii and green colouring matter, and then aading am- 
monia to the filtered liquid^ I found that the precipitate produced 
W ammonia, though the alkali was not used in eteessi eonte^oed 
the substance in an altered state» This diuige, the nature of 
which I shall treat of preaentlijr* ia readiljr indicated Iqr boiling 
aome solution of the sulMtance m water with sulphurie or muri* 
atie acid* when it will be found that bladt fiocka are dqKMitedi 
whiehj when treated with boiling alcohol, impart to Uie latter no 
trace of bluoi but a pure brown colour, a great part of the fiocka 
remaining undissolVed by the alcohol in the shi^ of a blaek 
powder. This change is readily efected in the watery solution* 
efther by the addition of alkau* or by the temperature <^ the 
aoltttion rising to any great estent abo?e that of the atmoaphere. 
When diasol^ in ueohol or nther* on the other hand, tlw suIn 
atanee eihibits a much greater resistance to ehanira thmi when 
dissolved in water. I therefore soon abandoned ul idea of c»> 
tracting the plant with the latter menatruum* and hadrecouno 
to alcohol and «ther. I shall refrain from giving an aooount of 
the numerous experiments I made, whidli led to no sneosasful 
iasue, but shall briefly deseriba th0 three methoda of preparatioQi 
whieh were attended with more or leas advantageous reaulta* 

All three methods consist in extracting with alcohol or aether. 
But* before commenelug, it is necessary that the plant ahould 
be thoroughly dried. The leaves alone being gathered, which 
ahould only be done when not moistened with rain or dew, are 
spread out in a thin layer in some warm* dry place* as, for in* 
atanee, near a stove or m a drying-room. All yellow or decayed 
leaves should be rejected. When they are perfectly dry they are 
oarefuUy examined. All those leaves which during the diying 
have become brown^^ result which takes place when the heat 
has been too great*-^are caat aside* and only thoae are retained 
which have a pale green colour. These must now^ be reduced to 
a coarse powder* an operation easily effected if the leavea be taken 
while s^ warm* as they are then quite brittle; whereas if 
• Finelfesti ilrf ds fM^MlMr* p. no. 
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allowed to remain exposc-d to the atmnsphere tlicy attract nioist- 
iire af^in, and become tiaccid aud difficult to puiverue. The 
powder must be kept wanu until it is used. 

I. The leaves thus reduced to powder, being put in a displace- 
ment apparatus^ such as is used for the preparation of tanmc 
acid, are extractt d with cold ftlcoliol. Tiie percolating liquid \^ 
dark green. The extraetiou id continued until the liquid runs 
through of a light green colour. The alcoholic extract is now 
distilled in a retort, until a great part of the alcohol ha^^ passed 
over; it ii< tlien evajjoiated in a babin at a moderate temperature. 
During evaporation, a large quantity of chlorophyll and fatty 
matter separates as a green glutinous mass, which is to he s( pa- 
rated by tilt ration. The filtered liquid, which is brown, is to be 
further evaporated until it leaves a thick brown syrup. This 
syrup, beitic: poured mto a tiask, is redissolved in warm alcohol, 
which it does with some difficulty, ou account of the change 
which the substance has uudergoue in consct|nence of the heat 
employed m distilling the alcohol. To the warm solution there 
is now added several times its volume of jcther. The lether 
renders the solution milky, and precipitates a large quantity of 
matter, which collects at the bottom ot the Haisk into a dark 
urtiwn syrup. After this syrup has completely settled, the aether, 
which is also dark brown, is distilled. When the greatest part 
has distilled over, water is added to the syrupy residue. A 
quantity of brown tatty matter i^i precipitated, which is tiltcred. 
The tiltcred liquid is lii;ht yclluw, and contains the substance 
almost m a state purity. Should a further purification, how- 
ever, be necessary,, tliis is best etfected by agitating the liquid in 
the cold with hydrated oxide of coitper. A green solution la 
obtained, which is filtered, and a current of sulphuretted hy- 
drogen gas being passed through it, it is again filtered from the 
precipitated sulphurct of copper, and evaporated either sponta- 
neously or tn vacuo over sulphuric acid. This method is attended 
with considerable loss, as the whole of the brown syrup insoluble 
in aether, the quantity of which is not trilling, is formed at the 
expense of the indigo-producing body. 

II. The aeoond method consists in simply extracting the 
pounded woad leaves with sther in a displacement apparatus, 
distilling the ^prcatest part of the sether, evaporating the remain- 
ing gre^ liqmd at a moderate tempentnre^ adding a little cold 
water to the syrupy residue^ separatmg the inaolnble cliloroph]rll 
mxkd other niatten by filtration and evajKinitmg the yellow liquid 
um before, either apontaneoosl^ in the air or m vacuo. If pnri. 
ficntion ahonld be necessary, it is effected, as in the preceding 
case, by means of oxide of copper. I endeavoured to modify 
this method by agitating the ntherial extract with eoU water, 
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but without any advantage resnlting, as the substance was not 
entirely removed from the sethcr by means ot* water, a consider- 
able quantity still rein;:i'.i dissolved in the letbcr. 

Ill, The pounded leaves are extracted in a displaceuKut 
appanitus, as before, w ith cold alcohol. To the irreen alcoholic ex- 
tract there is added an alcoholic solulion ofacetau ui kad, wliich 
produces a pale crreen preci])itat(',the [jiecipitationbeiner then com- 
plcted l)y llic addiUou of a little auinionia. The preci])itate, which 
ii> bulky, is placed on a filter and washed with cold alcohol, until the 
percolating liquid instead of beinprdark f^reen is only light •^recu, 
and the excess of acetate of lead and aumionia have been removed. 
It is then suspended in water^ and a current of carbonic acid gas 
is passed through the liquid. The precipitate gradually becomet 
paler in colour and at last almost white, and loaea considerably 
in bulk; while the liquid acquires a yellow colour. The latter 
being filtered, sulphuretted hydrogen is passed thvough it to 
precipitate a little oxide of lead contained in it, and being again 
filtered is evaporated aa before, either in the air or m voeito Ofer 
aulphnric acid. 

Of these three methods I prefer the last, as being more eipe* 
ditioos than the first and less costly than the second. One pre- 
caution must not be forgotten, that of ne?er in the last instance 
attempting to evaporate the solution at a higher temperature 
than the ordinary one. If the attempt be made, the aabatance 
will undergo an entire change^ as I have repeatedly discovered 
to my cost. This change consists in the substance taking up 
the elements of water. It takes plaoe as weQ m vacuo as in tlM 
air. I have no reason to believe that the ozyg^ of the atmo- 

Shere has any influence in producing decomposition, at least at 
e usual temperature; and though I have generally in the last 
instance evaporated m racico, I think the evaporation may jnat 
aa well be conducted in the air. Notwithstanding all precan* 
tions, however, it is difficult to avoid some portion of the sub- 
stance becoming changed during evaporation. 

The body, the preparation of which I have just described, I 
propose to call Ivdiem*, By evaporation of its watery solutioo. 
It is obtained in the form of a yellow, transparent, glutinous 
residue, which can only be rendered dry by spreading it out in 

* As thi" termination an hajj not yet been applied by cbeiiusts to design 
nutc Hiiv pecuhar class oi' bodies, I ^iropose to restrict it to tbc names of 
mich lUDStaaccs of a complex coastitotioD, like rubian, as are direct pro* 
ducts of the vital energy of plattts or animsli, and which by their decern* 
|>08ition '_'ivf vhf^ to one or more aeries of organic compoimns of n «inipler 
constitution in aj))>l\ iu}r it, it will of course be lU'Cfssarv can fully to 
ascerUuii iliut tbc subsuuce to be uauied is really a pro.viuiaU; couhtilueul 
of aome or|^snisni> and not itself the result of any process of deeompositua 
eitber withm or ontoftheoiBaaigiii-^that it Is an edvct sad not apeodad. 
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thin layersj and leaving it for some time m vacuo over sulphuric 
add. On attempting to dry it in the water-bath, it immediately 
undergoes a complete alteration. Its taste is sliehtly bitter and 
nauseous. Its solutions have always an aeid reaetion^ but 
whether this reaction ispeeuliar to it in an absolutely pure state, 
I am unable to say. Wnen heated in a tube it swells up, and 
gives fumes which condense to a brown oily sublimate^ in which, 
after some time^ a white crystalline substance is formed. When 
boiled with caustic alkali it evolves ammonia. Its compounds 
have a yellow colour. With caustic alkalies, baryta, and lime* 
water, the watery solution turns of a bright yellow. The alco- 
holic solution ^ves with sugar of lead a bright sulphur-yellow 
precipitate, which is increased by the addition of ammonia* The 
watery solution gives no precipitate with acetate of 1^ until 
ammonia is also added. Its most remarkable and interesting 
property is that of yielding in Ji^o-blue when treated with strong 
adds. If sulphuric or muriatic acid be added to its watery solu- 
tion, no change whatever is perceptible for some time ; but on 
heating to near the boiling*point, the solution immediately be- 
comes sky-blue. On boiling for a short time, the solution becomes 
opalescent. On continuing to boil, it acquires a purple colour, 
and then, provided the solution is tolerably concentrated, a 
copious deposit consisting of dark puq)lish-blue flocks is formed. 
The liquid filtered from tnese flocks retains a yellow colour, and 
contains a peculiar species of sugar, to which I shall return pre- 
sently. The flocks themselves do not consist of indigo-blue 
only. After being collected on a filter and washed with water, 
they appear of a dark purple colour, the filter also acquiring 
during washing a purple tinge. If they be now treated with 
alcohol, a part dissolves even in the cold, but to a greater exjtent 
on heating, the alcohol acquiring a beautiful purple colour. If 
the flocks remaining undissolved be treated after filtration with 
an additional quantity of boiling alcohol, the latter acquires a 
more bluish tinge. Each succeeding portion of alcohol Mrith 
which the flocks are boiled acquires more and more of a blue 
colour, until at last the colour is a pure in ligo-blue. There 
remains in general a large quantity oi indigo-blue undissolved, 
and the alcoholic liquids, on standing, deposit the colouring 
matter contained in them in the shape of bright blue flocks. 
The purple alcoholic solution leaves, on evaporation, a reddi^sh- 
brown residue, which bears the greatest resemblance to, if it is 
not identical with, the indigo-red of Bcrzelius. Like the latter 
substance, it is quite insoluble in caustic alkalies and gives, when 
beated in a tube, purple fumes and a small quantity of a white 
crystalline sublimate. I propose to call this substance Indiru^ 
bmem I have £»ttnd that it is invariably formed along with 
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indigchblatt wheii«?er indietn is deeompoted by adds. Never- 
iheless^ the qnantity of indigo-blae prodneed is always idativtlj 
larger when the indioaa is pure than when the latter ha^i begun 
to ehange. Of the two colouring matters, the indi^o-blne is 
idways Uw first to be formed. If sulphuric or mnnatie a«id be 
added to a solution of indican in the eold, and the mixture bt 
pllowed to stand in the cold for some time^ a slight praeipitata 
is gradually deposited which consists aluMNt entirely of indigfv 
blue. It is only after boiling for some time that the formatioB 
of indirubine eommenoeSy when the eoiour of the liquid changss 
from blue to purple. The constant occurrence of a red eoloiiravg 
matter both in indigo and in the indigo-bearing plants aksng 
with indigO'blaew^a iBMt which has been repealecfly obaenps d ,^ 
bat led chemists to suspect that there mutt be some necessary con- 
nexion between the two. From the experiments jost described^ 
it follows thaly in the case of woad at least, they arc both pro- 
duets of deeompoaition of one substance. If nitric acid be added 
to a wateiv solution of indiean, asU^t de])08it of indigo-blue is 
fimnedf wnieb of eoune disappean immediately on beatiiig the 
liqud. 

There is another very remarkable property of indican whieb 1 
have to deawribe, a property, the knowledge of which will pro- 
bably Uivow great light on the process of manufaeturing inwgow 
If indtean in the form of syrup, as obtained by evaporation of 
the watery solution, be heated for some time in the water-bath, 
or if ita watery solution be boiled, or even moderately heated, it 
undergoes a complete metamorphosis. If the solution be now 
evaporated, it leaves a yellow syrupy residue, not to be distin- 
guished in appearance from indican itself. It will be found, 
however, to have become insoluble in aether, and not easily soluble 
in alcohol. If ajther be added to its solution in alcohol, the 
solution becomes milky, and deposits oily (hops which collect at 
the bottom of the vessel to a yellow ui* brown svnip, the nn- 
chaTiL'cd indican, if there be any present, remaining dissolved in 
the ;ether. In its other outward properties it has Tint undergone 
uny marked chancre. In the next stas^e of the process the in- 
dican acquires a brown colour, and becomes quite insohible in 
cold alcohoi ; but it still dissolves, though with ditfienUy, in 
boiling alcohol. Bv continuing the proccs:-* the substance 
acquires a dai'k brown colour, and its watery solution now trivc* 
a copious precipitate with acetate oi lead. As soon as the indtean 
haa entered even on the first stage of this process of chan«re, it 
ceases to ^^ve the least trace i)f indiijo-blue with acids. A Hhun 
period occurs at the comniene< mcnt oi the process, d urine which 
the watery solution, when boiled with sulphuric acid, aeposits 
porplo floeka eonajatiag of indirubine only. Afterwards^ bow^ 
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mr, it jrieldt otlier prodneta^ whieh an alwajftikaaaiiieilemy 
■ttbaequttit stage of the firoeeM. H the valety adutkm he then 
hoilfld witii the additioii of mlphniie or nmmtie aeid, it heeomee 
ia the first inetsDce of a darker colour, and after oonaiderabla 
hoiling, deposits slowly a quantity of dark hrown> ahnoat hlack 
flocks. The liquid filtered from these flocks containa angar, juat 
ia in the ease of indican itself. The flocks themselves genevally 
maial of two bodies. If they be collected on • filter, washed 
inth waiiTy and then treated with boiling aleohol, a part dissolves 
with a brown eoloar, and after filtration and evaporatioii, ia left 
as a dark brown, shining, resinons substance. This anbatanee 
melts in boiling water into brown coherent masses. It is com- 
pletely dissolved and decomposed by boiliiipr nitric acid. It 
dissolves in ammonia with a brown colour, and the solution 
gives brown precipitates with the chlorides of banuin and cal-» 
cmm. It is completely precipitated from its alcoholic solution 
by sugar of lead, the precipitate bt mt; brown. I propose tocaii 
this body Ii^ireline. That jiortiou of the dark brown docks 
which is insoluble lu boihug aicphoi, disauivcb in caustic alkalies 
with a dark brown colour, and is precipitated by acids in black 
flocks. As it bears some resemblance in its outward propei'ties 
to humus, I shall call it ladUiumine. Its similarity to the indigo- 
browu uf Berzelius is so great^ as almost to lead mu to suspect 
that it is the same body. \V hether this id thu cu^ae or not tan 
only be ascertained by analysis. Sometimes the brown substance 
fdrmed by the action of acids on modified indican is entirely 
adnhb in hoiling akohol> and enntaina no indihumioe^ hut under 
vhal eenditiona thiatakea place I am nnahle teaay* The change 
wlu«h bdiean undergoea dnring this prcieeaa eonaiata merely in 
ita ahaorbing the elementa of water» It nroeeeda m mem aa 
veil ai in tl^ air> proftded the temprnturebenuaed to a eertain 
dcigree^ wUch prom that oigrgen plays no part in the prnnnaa 
It 18 apparently effected inatnitly when tndiean eomea into eon* 
lad vitn aUcaliea in its watery solution» though the rifohftlift 
aolnlieii ma^ be made alkaline, with ammonia at kiaat^ without 
any altemtien taking place. It ia eertainly a moat lemarkaUe 
eireumstanoe, that by merely taking up the ekmentt of water^ 
indican should be converted into a subetanee, which, when ex« 
posed to the action ol adda^ yields no longer indigo-blue and ita 
allied red colouring matter, but bodies df an entirely distinct 
nature which have none of the properties of colouring matters; 
and it goes far to prove that indigo-blue does not pre-eiiat in 
indican even as a copula, but is merely contained in it poten- 
tially. Tliat the view I have taken of tius metamorphosis is the 
correct oiuj, is proved by a singular observation which I once 

afifiideatflUy madct Having on m& ofifiasion obtained a dilnia 
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■olation of indican, I tried a smaU quantity of it by bcnling inSi 
sulphuric acid, and ascertained that it ga?e indigo-Dlue and indi- 
rabine ; but on heating the whole quantity to we bQiling-point 
with acid, I obtained instead of these two bodies^ a aobrtanoe 
dissolving in alcohol with a brown colour. It was evident that 
the indiean, in consequence probably of the solution being very 
dilute, had taken up the elements of water before the acid could 
act on it, and that the latter then gave rise to the products of 
decomposition pecuUar to the hydrate. In general, howevar, the 
nature of the flocks which are deposited on boiling a watery 
solution of indiean with sulphuric or muriatic acid, afibrdsa very 
good test of the purity of the indiean. A solution is boiled in 
a test-tul>c partly tilled, and the flocks which are formed coiiected 
on a filter, washed with water, and then treat id \\ ith successive 
portions of boiliufr hIcoIiuI until no more will dissolve. If to the 
first portions of alcuhul a pui ple colour be imparted^ and a fiae 
purplish-blue to the succcediitg ones, then the indiean may be 
considered pure. If the colour of the alcohol is brown, and if 
blaek flocks are left undissolved^ the substance has uudcrgoue a 
COmplctt^ eh;inij:e. 

The hu^^ar wLich is fornu J \s]\cn acids act either on indiean 
or its hydi'atcs, is obtained ni a stale of purity in the following 
manner. If sulphuric acid be employed, which is preferable to 
muriatic, the add liquid is filtered from the flocks^consisting of 
indigo-blue and other producta of decomposition, and the acid 
is removed Inr means of an excess of acetate of lead. If to the 
liquid filtered from the sulphate of lead an exceas of ammonia ia 
adoed^ the sugar is precipitated in combmation with oxide of 
lead. The precipitate, which ia usually yellow and bulky, is, 
after washing, decomposed with sulphuietted hydrogen, and 
from the liquid filtered from the sulphuret of lead the sugar ia 
again precipitated with acetate of lead and ammonia. The 
second precipitate, which is usually almost white, is again de- 
composed with sulphuretted hydrogen, and the filtered liquid ia 
evaporated over sulphuric acid, when it leaves a eolourleas or 
only slightly yellow syrup, which has the following properties. 
It has a faintlv sweet taste. When heated it swells up, emitting 
the usual smell of burning sugar, and then burns leaving much 
charcoal. With concentrated sulphuric acid it strikes a dark 
red colour, which on heating becomes blaek. Boiling nitric acid 
decomposes it with an evolution of nitrous fumes. "\Yhen its 
watery solution is boiled with caustic soda, it bccomcf? yellow 
and deposits a few brown flocks. With sulphate of copper and 
caustic soda it gives a blue solution, which on boiling becomes 
yellow, and then deposits suboxide of copper. If nitrate of silver 
be added to its watery solution while ooiling, a little metallic 
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silver is precipitated; and when ainiiioiiia is acUlcd^ ;t further 
reduction takes place, accompanied by the formation of a metallic 
mirror. On adding chloride of gold to the watery solutiuii and 
boding, a quaotitv of mitallic gold is deposited in bright scales 
and spangles; and on adding caustic alkali to the tiltered sulu- 
Uun, an additional quantity of gold is ])recipitatcd as a purple 
powder. Tiic; watery solution gives uu prccipitatca cither with 
neutral or basic acetate of lead,- — only on adding ammonia does 
any precipitation take place. It is soluble m alcohol, but not 
in sether. In its outward properties, therefore, this sugar does 
not differ in any marked degree from other kinds of sugar ob- 
tained bj' the decomposition of complex organic bodies, such as 
that derived from rubian. In its composition, however, it differs 
essentially from other species of sugar^ as I shall presently 
show. 

I iMve hillierto been unable, I regret to say, to ascertain tliA 
exact oomposition of indican by direct experiment. On account 
of tta deliquescent nature, and its so reaoiiy undergoing changd 
when heated, it was impossible to subject it to analysis in a fiie6 
state, md I WM therefore obliged to have recourse to the lead 
eompound. But when this compound is precipitated from % 
imtery ftolntion by means of acetate of lead and ammonia, it no 
longer contains unchanged indican, but one of the hodies formed 
by the eombination of die lattet with water. It is necessary, 
howefer, to use water in some stage of the preparatito^ for if 
tiUI lead dompound be precipitated from an aiccdiolie ettoMSl of 
wtMd with acetate of lead and ammonia, if the precipitate be 
daoomnosed^ after irashing with alcohol, by suspending it in 
ftloohu and fiassine a stream of earbonie acid through the U^uid, 
and the substance be again precipitated from the ffltmd liquid 
by means of acetate of lead ana ammonia, tte lead eompound 
ihaa formed will be found to sontam^ besides indiean, a quantity 
of faUy matter, from which the indican can only be sepaM^ted by 
means of water, and its analysts leads, as I have ascertained, tu 
no aatisfiuttoiy results. It is therefoie necessary to evaporate a 
waterj solution of indican sppntaneouslyi to dissolve the residua 
m alcohol, and precipitate with acetate of lead and ammonia^ 
taldnc^ care to leave a slight ezoess «f indican in solution* The 
following analysis was made with a specimen of the lead oom- 
ponnd prepared in this manner, the indioan itself having been 
obCained by the third method described above. 

I. I'-iSlO grm. of the compound, dried in vacuo and burnt 
with oxide of copper and chlorate of potash, gave 0 9600 grm. 
carbonic acid and 0*28()() water. 

1*2170 grm. gave 0 1700 grm. chloride of platinum and am- 
Sionium* 

Phil. Mag. S. 4. Vol. 10. No. 64. Aug. 1855. H 
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0*8790 grm. gare 0*8060 grm. sulphate of lead. 
These nombeiB lead to the fiiUovriiig oomp 



Carbon . . 

Hjrdrogen 
Nitrogen . 

Oxygen 
Oxide of lead 



Eqt. 




Caknkled. 




. 52 


312 


18-67 


18-25 


. 35 


35 


2-09 


221 


. 1 


14 


0-83 


0-87 


. 38 


304 


18-23 


1888 


9 


1005-8 


60-18 


59-79 




1670-8 







Notwithstanding the cave^ howeyer, whidi I took in the pre- 
paration of this specimen, I found that it did not contain un- 
changed indicani as a little of it when tested with aalpknrie acid 
§a?e no indigo-blue. It is^ nevertheless, the purest specimen of 
we lead compound which I have analysed; that is to aay, the 
substance combined with the odde of lead contained the least 
amount of hydrogen and oxygen. 

The next analysis which 1 shall give, places in a stcihiiig ligjit 
the effect which alkalies exert on indican. I took some of the 
same solution of indican which I had employed for the preceding 
analysis^ and which I found to give, when a httleof it was boiled 
with acid; very pure indigo-blue ; but instead of evaporating it^ 
I added a large quantity of alcohol to it, and then predpilmted 
with acetate of lead and ammonia. The precipitate no longer 
contained unchanged indican^ and the substance combined with 
the oxide of lead differed in composition from that of the pre> 
ceding analysis by containing the elements of two equivalents 
more of water. The third analysis was performed with a lead 
compound made in the same way as that of the first analvsia, 
but from a specimen of indican prepared by the first method. 
The composition I found to be exactly the same as that of the 
compound of the second analysis. 

II. I'OOOO grm. dried in vacuo and buiiii with oxide of copper 
and chlorate of potash^ gave 0*7060 grm. carbomc acid aud 
0*2020 water. 

I'OGOO grm. gave 0'1880 grm. chloride oi latin um aud am- 
monium. 

0*8930 gnu. gave O'7o20 «j;rin. sulpbate of lead. 

III. 1 1000 grm. gave U 7135 gim. carbouic aeidand 0-2050 

water. 

18350 grm. gave 0 2200 grm. clilunde of platinum and 

ammoiiiuin. 

0*5710 grm. gave 0*4770 grm. sulphate of lead. 

From these numberis 1 deduced the iuiluwAiJ|^ cumpositiou 
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Eqt. 




Calculated. 


IT. 


nr. 


Carbon . 


52 


312 


17-33 


17-56 


17-69 


Hydrygeu . 


37 


37 


2-05 


2-01) 


2-07 


Nitrogen • 


I 


14 


0-77 


0-75 


0-77 


Oxytjen . 


40 


320 


17-80 


17-69 


IHOl 


Oxide lead 


10 


1117 


6205 


61 '9(3 


61-46 






1800 


10000 


100 00 


100 00 



After dedacting the oxide of kad, the amount of which ia 
unuanaUy large fmr a oompoimd of definite eonatitution^ the 
ofganie aabatanoe comhined with it has the foUowing compo« 
aition 





Eqt. 




Calculated. 


II. 


III. 


Carbon . 


. 52 


did 


45-68 


46-16 


45-90 


Hydrogen 


. 37 


37 


5-41 


J •36 


537 


Nitrogen 


. 1 


14 


204 


1-97 


1-99 


Ojcygen . 


. 40 


320 


46-87 


46-51 


46-74 






683 


10000 


100*00 


10000 



An analyais which I made of a lead compound^ prepared 
directly from a watery extract of woad by precipitating with 
acetate of iead^ filterings and then adding ammonia to the filtered 
liquid, gave a composition agreeing pretty well with the formula 
C^H^NO^+13PbO. 

It appeara, therefore, that the organic substances contained in 
these lead compounds differ from one another merely by the ele- 
ments of water ; and it may hence be inferred, witli a great degree 
of probability, that indican itself in a state of purity differs in com- 
position from them merely by containing the elements of several 
equivalents of water less. Assuming its composition to be repre- 
sented by the formula C^^ NO^, it must be shown how this 
formula explains the formation of indigo-blue. Before this can 
be done, however^ it is necessary to. know the composition of the 
sugar which is always formed simultaneously with the indigo- 
blue. The lead compound of the sugar^ prepared as above de- 
scribed^ and dried m vacuOg was analysed with the following 
results 

I. 1*0580 grm.| burnt with chromate of lead, gave 0*4550 
gnn. carbonic acid and 0*1670 water. 

0-7620 grm. gave 0*7400 grm. sulphate of lead, 

II. 1*0960 grm., after b^g dri^ m vacuo for some time 
longer, gave 0*4740 grm. earbonic acid and 0*1640 water. 

0*6420 grm. gave 0*6370 grm. sulphate of lead. 
These numben lead to the following composition 

Vi% 

y 
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Eqs. 

Carbon . . 1^ 
Hydrogen 9 
Oxygen . . 11 
Oxide oi lead 4 



CalnilAted. 
7» 11-69 
9 1-46 
88 14-30 
446-8 72^5 



615-8 10000 



I. 


n. 


11-72 


11-79 


1-75 


1-66 


U-21 


l<i'5u 


72-32 


7300 


10000 





If the f omiak of the ktd oompound is C>*H^0'^+4PM>, it 
is probable that the sugar in an imcombined state has the for- 
tnnla G»H^O». It differs, thefefore, ham other Idnds of 
sugar oofltaining lest hydrogen than is necessary to fonn 
trater nith the oxygen. Its fbrtbtda is, however, perfectly in 
accordance with the one which I have adopted for indiduii vii. 
C** fiP> N0^« If we suppose the latter to take np two equiva- 
leilts of watcTi it will then simply split up into 1 equTnlent of 
indigo^blne and $ equivalents of sugar, as will be sssn by the 
following equation : — 

1 eq. iiidican 11^ N0«\ rC«^H*NO» 1 tq. mdigo-blue, 

2 eqs. water H« 0« J * 11^ 0* 3 eqs. sugar. 

NO^ NO^ 

I assume that the composition of the blue colouring matter 
derived from indican is the same i« that of indigo-blue, since in 
exiunbation of the projierties of the former leaves little doubt 
Concerning their identity. I regret not having as yet been ihfe 
to ascertain br analysis whether this is the case or not, is I have 
devoted the wnole of the material at my disposal to an investi* 
^tion of the properties and composition of mdican itself. 

I also assume that indican^ in undergoing decomposttioii with 
acids, splits Up immediately mto 1 equivalent of indigo-blue and 
8 ei^^uivalents of sugar. It is, however, possible that these three 
equivalents of sugar may not be elimmated all at once ; and 
from oUe analysis which I made, I should Conclude that th^ 
separated successively. Having extracted some dried woad leaves 
With cold sether, I poured the setherial extract into a large bottle 
and agitated it with about half its volume of cold water. The 
sether was poured off, Snd the watery liquid was employed again 
for agitation with several successive portions of a'thcrial extract 
of woad. It acquired at last a dark yellow colour. The aether 
eontained in it was removed by spontaneous evaporation, and it 
was then evaporated under a bell over sulphuric Scid* At first 
it yielded indigo-blue when boiled with stttphtthc iCtd; but the 
evaporation having been conducted in too wirm a pkee, the in- 
dican contained in it became dianged, and it eeaied to pi\ eblae 
flocks with acids. Afler the evaporation was completed there 
was left a bfowtt »yirupy residue^ which wsa ivdinolvedinalishol. 
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Acetate of lead produced in the alcoholic solutioa a creaoi- 
coloured precipitate, which web separated by filtration ; and on 
adding a small quantity of ammonia to the filtered liquid, a 
en uin -coloured precipitate ajE^in fell, which was collected on a 
tiller, washed with alcoliul, and diied m vacua, Ou uual^iimg 
it I obtained the following results :— 

0-3705 grm., burnt with oxide of copper and chlorate of pot- 
ash, gave 0*2670 grm. carbonic acid and 0'0730 water. 

0*8800 grm. gave 0*0680 grm, chloride of platinum and am- 



0*2680 grm. (^¥e 0*2160 grm. sidpliate of Imd. 
In 100 parte it contained, therefore^^ 

Carbon 19'65 

Hydrogen 2-18 

Nitrogen 112 

Oxygen 17*75 

Oxide of lead 59*80 

100-00 

After deducting the oxide of lead, theamouut of which stands 
in no simple relation to that of the other constituents, the organic 
snbsLauee combined with the oxide of lead will be found to have 
a composition ( xfireswd by the formula C^^H'^NO'^, as will be 
seen the follow in^j calculation 

Carbon .... 
Hydrogen . . . 
Nitrogen 

Oxygen . . , . 

This body is therefore formed from indican by the latter taking 
up 3 equivalent?^ f)f water and then losinp; 1 pquivaleut oi sugOTf 
aa will be evident from the following equation : — 

1 eq. indican C« H*^ NO^ 1 _ / C 11*^ NO'^ 

3 eqa. water 0^ J \ C'^W° O^^ 1 eq. iugar. 

It is perfectly eonedvable that va additional equivalent of 
angar may separate from the body C^H^'NO'' before the d*- 
eompoaition ia finally completed i that ia to aay» that there eiiata 

another intermediate body containing 28 equivalents of earbon« 
Of the red colouring matter, which I have called indimbine, 
I have not yet obtained a sufficient quantity for analysis. 

I have aevml times submitted indihumine, obtained on differ* 
ent neoMOMy to analyaiay bat without being able to arrive at 
any poeitive eooduaioii regarding iia composition . The difficulty 
of doing ao ariaea from the cifcnmifteiiee of thia aubatance form- 







Cftlculated. 


Found. 


t 


240 


48-38 


48-28 


26 




5-24 


5-35 


1 


U 


2-82 


2*75 


27 


216 


48-50 


43-62 




496 


100-00 


100-00 
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ing compounds with alkalic? and other bases which are not com- 
pletely decomposed by acids. The analyses which I have made 
agree best with the formula C*^ NO*. If this be the correct 
formula, it differs in composition from indigo-blue by the ele- 
ments of three equivalents of water, just as the body or bodies 
from which it is formed difi'er fi-om indican by containing the 
elements of several equivalents more water. 

The an.dyses of indiretinc led to more definite results. The 
substance was prepared from indican, which had undergone the 
alteration of which I have several times spoken, by treating it 
with boiling sulphuric acid, collecting the dark brown deposit 
which was formed on a filter, washing out the acid, treating with 
boiling alcohol, filtering from the indihumine whidi mnaincd 
undttBolved, and evaporating the alcoholic solution to dryness. 

I. 0-4i20 grm., dried in the water-bath and burnt with oxide 
of co]){)er and chlorate of potash, gave 0*9980 grm. carbonic acid 
and 0*2100 water. 

0*5470 grm. gave 0*3415 grm. chloride of platinum and am- 
monium. 

II. 0*6370 grm. of another preparation gave 1*2130 grm. 
carbonic acid and 0*2675 water. 

0*8780 grm. gave 0*4320 grm. chloride of platinum and am- 
monium. * 

III. 0*2760 grm, of a third preparation gave 0*6190 grm. 
carbonic acid and 0*1420 water, 

These numbers correspond with the following composition 

III. 

Carbon 

Nitrogen 
Oxygen 





Eqs. 


Calculated. 


L 


n. 


36 


216 


61 03 


61-27 


61-60 


20 


20 


5-64 


5-27 


n-n3 


1 


14 


3-95 


3-92 


309 


13 


104 


2939 


29-54 


29-78 




354 


100*00 


100*00 


100*00 



Assuming O^H^NO^* to be the correct formula for u 
tine, then the formation of this substance from indieaui or rather 
from its hydrates, can only be explained bv supposing that car* 
honie acid is evolved during the process* If we take, for instance, 
the substance represented by the formula C^H^NO^i which 
gives indiretane.when treated with adds, we may suppose it to 
split up into 1 equivalent of indiretine, 1 equivalent of sugSTj 4 
equivalents of carbonic add, and 7 equivalents of water, as will 
be seen by the following equation 

rC«^H«NO» 1 eq. indiretine* 



JC»«H» 0»«leq.i 
W 0« 4eqs. 
L H' O' 7 eqs. 



eqs. water. 
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I have certainly not observed the disengagement of carbonic 
acid daring the formatioii id indiretine, bat the evolution of gas 
might easily elade observation daring the long-continued boilmg 
which*i8 necessary for the production of this substance. 

Hie want of material has for the present interrupted the 
further prosecution of my experiments. As soon as I shall have 
obtainea an additional quantity of the fresh plants it is my inten« 
tiou to continue them. The action of acids on indiean requires 
atill further examination, and the effects produced by ferments 
and other agents remain to be investigated, I also propose to 
examine other indigo*bearing plants^ in order to ascertain whether 
they contain indiean or not. 

The results of the present investigation may be summed up in 
the following propositions 

1. The IsaHe tinctoria does not contain indigo-blue ready 
formed, either in the blue or colourless state. 

2. The forniatiou of the blue colouring matter in watery ex- 
tracts of the plant is neither caused nor promoted by the action 
of oxygen or of alkalies. 

3. lTicltp:o-bIuc cannot be said to exist in any state of combi- 
nation ni the juices of the plant : it is merely contaiued in them 
potentially. 

XI. On the alleged Fbioreeeenee of a eokUton of PlaHno^eyamde 
of Potaaehm, By Professor 6. G. Stokbs, F,R,8, 

To the Editors of the Philosophical Magazine and Journal, 

Gentlemen, 

Iwas surprised, some time since, by reading in Poggendortf'a 
Annalenilii: statement of Dr. Bottger, which has since been 
republished in the rhilosophical Magazine, that a solution of 
platino-cyanide of potassium is highly fluorescent. My own 
observafcuma had led me to the conclusion, that it is only in 
the solid state that the platino-cyanides are sensitive,— their solu» 
tions look like mere water*.'' In consequence <^ Br. Bdttger's 
itatementj I have just examined again a solution of ^latino* 
cyanide of potassium, with the advantage of bright sunshine and 
a complete quarts train i and so far from its bein^ eminently 
fluorescent, I find it to be not fluorescent at all. It is useless to 
conjecture the cause of the discrepancy, which will probably be 
clear c d lip in time; my only object in writing is to prevent the 
spread of an erroneous statement. 

I am, Gentlemen, 

Your faithful Servant, 
Pembiolce College, CBmbiidge« O. G. Stokes. 

* PML Tnrni. for 1853| p. 396. 
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xn. On the power of Icebergs to make reetilineart uniformly- 
directed Grooves across o Sufmianne Undulatory Surface, By 
C. Darwin, Esq,, Vice-Preti. R.S,, F,G.8,* 

HAVING been induced to believe, with many geologuts, 
that certain continuously scored and polished suriftces of 
rock were due to icebergs, and not to glaciers, I have ne?ertlie- 
\cm always felt murh diffiriilty in understanding how long, rec- 
tiliiicar scratches, niniimg in one given direction across an «n- 
dttlatunj sui face, could have been thus form* d. Others have 
feit this same difficulty, and it has been advanced as an in«^uper- 
able difficulty by the opponents of iceberg action. The iuUowing 
considerations, though possessing little or no novelty, have in 
my own case removed the difficulty. But first, to give one in- 
stuiice of sueh scratches, I may quote a passage from Agassizf, 
who, in describing the state of the surface near Lake Superior, 
says, '^nothing is more strikms^ in this respect tliiin the val- 
leys or depressions of the 8uil running E. and where wc 
see the scratches crossing such undulations at right angles, 
descending along the southern gentle slope of a hill, traversing 
the llat bottom below, and rising up the next hill south m un- 
broken continuity." He proceeds to state that the scratches 
run up even steep northern slopes, though the southern faces of 
the. bdla are generally rugged. A glacier driven straight for- 
wards over its uneqiial bed would perfeetty aeooniit m tlMse 
&ct8 ; bat not to, at first appearance, floating ioo> whefter that 
of coaat>ioe or of icebergs. For sudi masses being boma aUmg 
on the level oeesn, would, when driven on shore or against a 
■nbmarine hiU| be deflected, as it might be thought, from their 
eonrse, and mark the roeks borisontally or nearly so^ — some 
allowance being made for the rise and fall of the tide, An4 
although during either the submergence or ememnoe of the 
land, £e whole surface of a mountain might become thus marked, 
yet the snocessive scores at each level would all be nearlv hori- 
sontal* No doubt short inclined erooves might be formed 
by massss of ice being driven by gales up the beach ; but as 
sea-shores run in every possible direction, it is obvious that 
aucb grooves could follow no uniform course, nor could they be 
of my considerable length ; hence grooves thus made would not 
be comparable wnth those now under discussion. 

The plastirity of glaciers, as shown by the manner in which 
thcv itrinu'cliately expand after passing throui^li gorges, and in 
which thty mouhl thcrnsdvcii to every sinuosity and prommt ncc 
in their beds;, is now, thanks to the labours of a few cmiiRiit 
men, familiarly known to every geologist. It isk aiseiteU by 

* Communicated by the Author. 

t Lake Superior* ite Fhysiad GhanetMr, hjr L. AgMOS, p. 406, 
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some tnthon that glacier ice is most plastic when looit chaffed 
with watCTj and the Tower part of an iceberg must be water-logged* 
Again, a glacier, for instance of 1000 feet in thickneas, mnat 

preaa on its bed with the whole immense weight of the super- 
incumbent ice ; bat in an iceberg 1000 feet thick, as the whole 
Hoats, there will of eonrse be no preuore on a surface exactly 
level with its bottom, and if driven over a prominence standing 
np at the bottom of the sea some 50 or 100 feet above the basal 
line of the berg, only the weight of as much ice as is forced up 
above the natural level of the floating mass, will press on the 
prominence. It may therefore, I think, be concluded that an ice- 
berg could be driven over great inequalities of surface easier than 
couida gliieicr. That the weight of a coinpiu iitively thin sheet of 
ice is sufficient to groove rocks, we Diay niicv IVimh the ca->c de- 
Bcribed by Sir C. Lyell of the scores maae by the })acked shore-ice 
on the coast of the United States. That icebergs do not break up 
when pruuiidcd, as a priori might have seemed probable, is ob- 
viouii from the simple lact of their having been often observed 
in this condition in open turbulent seas. Let anyone who has 
witnessed the crash of even so buiall an object as a ship, when 
run into by another having only a barely perceptible movement, 
reflect on the terrific nioiiientum of an iceberg, some mile or two 
square, and froui iOOO to 2000 feet in thickness, when, borne 
onwards by u current of only half a mile per hour, it runs on a 
submarine bank : may we not feel almost certain, that, moulding 
itself like a glacier (of which it originally was a portion), but 
owing to ita water-logged atate and Uttis downward preiaure 
wmildiwg ittalf more papfectly than a^acieriitwonldatidaatiaighl 
onwnrda over considaiabla inequalities, acratohing and gftming 
the nnduhtory anrfiM» in long, straight Umsa ? In ahort, if in our 
mind'a eve we look at an iceberg^ not aa a rigid body (as baa 
hitherto been always my case] which wonld be deflected or oroken 
up when driven against any submarine obstacle, but aa a huge 
semi-ybcid, or at least flexible mass floating on the water, I be- 
lieve much of the difficulty will be removed whi<^ some have 
experienced in understanding how rectilinear grooves could be 
formed continuously running, as if regardless of the outlina of 
the surface, up and down moderately steep inequalities, now ex- 
iating as hills on the land. It should be borne in mind that the 
course of deeply-floating icebergs is determined by the currents 
of the sea, and not, as remarked by Scoresby, by the shifting 
winds ; and as the currents of the sea are well known to be deft- 
nite in their course, so "^vill he the p^roove'^ formed bv current- 
borne icebergs. It is nidord difficult to imagme any difference 
between the effect on the underlying surface, of a glacier pro- 
pelled by its gravity, and that of a mouutaiuoua isUod of ioe 
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driven onwards by an oceanic current^ except that the iceberg 
would perhaps have the power, from the cauaeg above specified, 
of even more closely moulding itself, and, as it were, of flowing 
straight over sabmarine obstacles, than has a glacier on the dry 
land. 

One other point is perhaps worth considering. I have else- 
where* endeavoured to show that the action of coast-ice and of 
icebergs must be considerably different in transporting boulders ; 
the worn stones on the beach being imbedded in ooast-ic^ and 
fragments of rock which had originally fallen on the parent- 
glacier being carried by icebergs as on rafts. But when we 
reflect that icebergs are driven onwards year after year in certain 
definite direct ins by the currents of the sea, — that they float so 
deeply as to have been seen aground at the depth of 1500 feet, — 
that when stranded they must (as I conceive) mould themselves to 
the inequalities of the bottom and slide some distance over it,-^ 
it can hardly be doubted that they also must, like glaciers on 
the land, push in certain determinate directions moraines before 
them. Although a fragment of rock or an irregularly formed 
moraine may by any one iceberg be propelled for only a very short 
distance, yet in the course of years the transportal can hardly 
fail to become far cxtendrrl, the bouMers bcini; rolled over large 
inequalities of surface, and even up heights by the action of suc- 
cessively smaller bergs : an abyss, however, deeper tlian the 
deepcst-tioatiug iceberj^ would, of course, absolutely stop this 
rolling or ]>ushing action. Finally, in the case of every mass of 
erratic buuKlers, we have now to determine, and I believe here- 
after it will be so deterinnied, whether they were trniisported by 
glaciers or by floating ice, and in this latter case w hether im- 
bedded in coast-ice, strewed on the surface of icebergs, or pushed 
onwards us a subaqueous moraine. 



XllL On Electric Conduction. 
By Professor Fakaday, D,C.L., F.R.S.f 

SINCE the time when the law of definite electrolytic action 
was first laid down (Exp. lies, 783-960), it has become a 
question whether those- bodies which form the class of electrolytes 
conduct only whilst they arc undergoing their proper change 
under the action of the electric current ; or whether they can 
conduct also as metaLs^ dry wood^ spermaceti^ kc*, do in different 

* Traiuactious of the Geological Society, vol. vi, {2ud tieries) 1S41. 
p. 430. 

t From tlie Proceedinn of the Royal Institution of Great Britabiy for 
Fiiday, May 25, 1866, 
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degrees, i. e, without the accompanimcut of any chemical change 
within them. The first kind of conduction is distinguished as 
the electrolytic^ the transference of the electric force appearing 
to be essentially associated with the chemical changes whic£ 
occur; the second kind may be called conduction proper, and 
there the act of conduction leaves the body ultimately as it found 
it« Electrolytic conduction is closely associated with the liquid 
state^ and with the compound nature and chemical proportions 
of the bodies in which it occursj and it is considered as varying 
in degree (t. in facility] with the affinities of the constituents 
belonging to these bodies; there are, however^ other circum- 
stances which evidently! and indeed very strongly, affect the 
readiness of transfer, such as temperature, the presence of ex- 
traneous matters, &c. Conduction proper differs as to facility 
by degrees so far apart, that that quantity of electrieity which 
could pass through a hundred miles of one substance, as copper, 
in an inappreciably small portion of iimt, would require ages to 
be transmitted through the like length of another snbstance, as 
shell-lac; and yet tlie copper with its similars offers resistance 
to conduction, and the lac and its congeners conduct. 

The progress and necessities of science have rendered it im- 
portant within the last three or four years, and especially at the 
piT-ont moment, that thr fjucstion "whether an electrolyte has 
any dcgi'ee of conduction j)rn]T[r'' should be closely considered, 
and tljL" rxpprimciits nhich are Mtted to probe the question have 
been earned to a \ ( ry high df lti nf refinement. Buff*, by 
employing the electric machine and \\ ollaston terminals, i, e. pla- 
tinum wires sealed into glass tubes, and having the ends only 
exposed, has decomposed water by a quantity of electricity so 
siiiall that it required four hours to collect gns enough to till a 
little cylinder only one-tenth of an mch in diameter, and one- 
fifth of an inch in length ; yet the decomposition was electrolytic 
and ])olai, and therefore the conduction wa.s electrolytic also. 
When one pole only was in the water and the other in the air 
over it, still the decomposition, and therefore the conduction, 
was electrolytic ; for one element appeared at the pole in the 
water, and the other in the air or gas over the water at the cor- 
responding pole. Buff concludes that electrolytes have no con- 
duction proper. Many other philosophers have supported, with 
more or less conviction, the same view, and believe that electro- 
lytic conduction extends to, and includes cases which formerly 
were supposed to depend upon conduction proper. Soret ad- 
vances certain experimental resultsf, but reserves his opinion 
from being absolute, Yon Breda and Logeman adopt the more 
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gmend yiew unreienredly'*'. Be 1« Btve, I tbink, admits tliat 
ft very UtUe may perhaps pass by conduction prc^peri bnt that elecr 
trolytio conduction is the function of electrolytes f* Matteocci hai 

at one time admitted a little conduction pioperi but at presenti 
I believe, denies that any degree exists. On the other hand| 
DespretzJ, Leon Foucault§, Masson ||, and myself^ have always 
admitted the possibility that electrolytes possess a certain amount 
of conduction proper — small indeed* but not so small as to pre* 
vent its being evident in certain fonns of experiments; and 
beautiful and close as the electrolytic proofs have been carried^ 
they are not by us considered as sufficient to show that the 
function of conduction proper is altogether absent from electro* 
lytes. 

[Some account was then given of the expi rimciits and argu- 
ments on botli sides ; and of the striking electrolytic fact, that 
if a ciuTi'iii (it eleclncity, however small, i& sent thi-ou:;h a 
circuit cuutaming a couple oi platina plates in dilute sulphurip 
acid, the plates are found thereby electrically polarized.] 

The inquiry as regardii electrolytes takes on three forms. 
They may ])083esis a degree oi cotuluction proper at all times; 
or they may be absolutely destitute of conduction proper; or 
they may possess conduction proper up to a certain condition, 
governed either by requisite intensity tor electrolyzation, or by 
other circumstances, but winch, when that condition is acquired, 
changes iiito electrolytic conduction ; and these three forms may 
be further varied by considerations dependent upon the physical 
state of the electrolvte, as whether it be solid or Uquid, hot or 
eold, and whether it be pure or contain other substances mingled 
with it. 

From Uie time when the question was raised by myself^ twenty 
years ago, to the present day, I have found it neoessaiy to eos*- 
vend my comdusions i for cbse as the fSscts have in certam cases 
been uij^ed by those who believe they have alwavs obtained de- 
composition results when an dectrolyte has jiertormed the pact 
of a conductor^ and firedy as I could nave admitted the facts and 
the conclusions if there had been no o^posiuff considerations^ 
stiJl, because there are such considerations, l am obliged to 
reserve my judgement. In the first place, all bodies not dbectro- 
lvtiC| even up to gases (Eecquerel)^ are admitted to possess con- 
duction proper ; a priori, thereforCj we have reason to expect 
that electrolytes will possess it also* If from amongst different 

• Phil. Mag. viii 465. f Bibl. dk Gm^e, x&vi. 134, 144 s xxvii. 17^. 

I Comptes lienduSf xxxviii. 897. 

f Cwmptf Reniut, xzxrii. 580; or iliM. dt Qmthe, xjdv. 968; m, 

180; xxvi. 126. 

II Priis flMiyt Hssil«ii| TisBS. li* 78. 
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bodiei w6 fetain for consideratioii the daM of tleetrolytea oaljTi 
HboL, thottgli tlie attumm of deetricity of a ^vra intensity whieh 
these ean tMnamit ekdrolytically when they are JMd is dken 
ftlmoat infinitely greater than that which thi^ can convey on- 
Kraifds hf eolidnctioli pcopw when they ate toUd, still the eon* 
doction in the latter eases is very evimnt. A piece of perfbetlt 
dry solid nitfej and of many other electrolytes, oiseharges a gold*' 
leu electrometer veir freely, and I helieve by the power of con- 
dnetion proper ; and that being the ease, I do not see that ths 
assumption of the ver^ highest condition of electrolytic conduc* 
Mod when the nitre is rendered fluid is any argument for the 
absolute disappearance of the conduction pr(^»er which belonged 
to tlie body iH the solid state, though it may override the lattsf 
for the time, and make it insensible. These considerations are, 
however, siich as arise rather from the absence of the final and 
strict proof on the opposite side^ than from anything very posi^ 
tive in their own character ; but it has occurred to me that the 
phjeuomena of static electricity will furnish us with many reasons 
of a positive nature in favour of the possession by liquid electro* 
lytes of the power of ronduction proper. Some of thcsf I will 
endeavour briefly to state, illu'^ti'atiMLC the subject bv a reference 
to water, which m its pure state has but a low degree of eieeiro* 
lytic conduction. 

The ordinary phapnomena of statie char^ and induction are 
well known, li an excited glass rod or other body be held near 
a light gilt sphere, suspended from the hand by a metal thread, 
the inductive action disturbs the disposition of the electricity in 
the sphere, and the latter is strongly attracted ; if in place of 
the sphere a soap bubble be employed^ the same results occur. 
If a dish filled with pure distilled water be connected with the 
earth by a pieec i)f moist bibulous paper, and a ball of excited 
shell-lac be sui^pended 2 or 3 inches above the middle of the 
water, and if a plate of dry insulating gutta-percha, about b inches 
Imig and 2 inches wide^ have its end interposed between the 
water and the iholl*lac, it may then be withdrawn and examined) 
and will be fennd without ehargCi emi though it may have 
touahadthcsheUoliei but if the end once touch the water under 
the lac (and it may be dipped in) so as to brmg awsy a film of 
it, ehatgcd with the tleotrieity the water hte acqubed by the 
induction, it will be found to possess, as might be expected, a 
state contrary to that of the inauctric ahell-lac. 

In order to exclude any conducting body but water from what 
may be considered as a robrence experiment, two calico globular 
bags with close seams were prepared, and being wetted thoroughly 
with distilled water, were then filled with air by means of a fine 
btowpipe point | tks^ Were then attached to two iisyendiag 
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bondt of gatta^pereliay by which they wm well inankted, tad 
beiiig about 8 inches diameter^ thejr mmed, when placed in con* 
taety a doable system 6 inches in length. A metallic ball, 
about 4 inches in diameteri was connected with the dectiie 
machine to form an inductnc body, an uninsulated bfaaa ]ilate 
was placed about 9 inches off to form an inducteoua body; be* 
' tween these the ass o ciated water baUs could be placed ao aa to 
take part in the induction, and when the electric duuge waa so 
low that the moist atmosphere caused no transmission of eke* 
tridty, the balls could be introduced into position and broodit 
away without having received any permanent charge. Under 
tiiese circumstances^ if the associated balls were brought into the 
place of induction, were then separated, withdrawn and exa* 
mined, they were found, the one charged positively and the 
other negatively, by dectrieity derived from themselves^ and 
without conductive or eonvective communication with any other 
substance than their own water. 

It is well known indeed that by the use of water we may 
replace metal in all electro-static arrangements, and so form 
Leyden jars, condensers^ and other induction apparatusi which 
are perfect in principle though with imperfect action. Hie 

Srinciples are the same whether water or metals be used for con* 
uctors, and the function of conduction is essential to all the 
results; therefore conduction cannot be denied to the fluid 
water, which in all such cases is acting as the only conductor. 
In nature, indeed, the phaenomena of induction, rising np to 
their most intense degree in the thunder-storm, are almost^ if 
not altogether, dependent npon the water which in the earth, or 
the clouds, or the rain, is then acting by its conducting power; 
and if this conducting power be of the nature of conduction 
proper^ it is probable that that function is as large and as im- 
portant as any exercise of the electrolytic conduction of water in 



But it may be said that all these cases, when accompanied by 
conduction, involve a corresponding and proportionate electro- 
lytic effect, and are therefore cases of electrolytic conductioo; 
and it is the following out of such a thought that makes me 
think the results prove a conduction proper to exist in Uie water. 
For suppose a water bubble to be placed midway between a posi- 



tive and a n^;ative surftce^ as in the figure, then the parts al 
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and about p will become ekarged positwe, and ihoae at and aibont 
n ne^tive^ solely by tbe distarbance of die deetric foree origin* ^ 
ally in the babble, Le. without any direct tnuumianon of the ' 
dectrie foree firom N or P; tilie parte at e or ^ will have no dec* 
trie diarge^ and from those parte to J9 and n the diarge will rise 
gradually to a maiimiim. The dectridty which appears at p, n, 
and dsewherc^ will have been amdueted to these parts from other 
parts of the babble ; and if the babble be replaced by two honi* 
spheres of metal^ slightly separated at the equatond parts eq, 
the dectridty (before coimeUd in the continooos babole) will 
then be seen to pass aa a bright spark. Now the partides at 
any part <^ the water babble may be oonddered ante two pohita 
of view, dther aa having had a current passed throagh them, or 
aa having received a diiu*ge ; in dther view the idea of condoc- 
tlon proper supplies safficient and satisfactory reasons for the 
results; oat the idea of dectrolytic oondaction seems to me at 
present beset with difficulties. For conuder the partides about 
the equator eq, — they acquire no final charge, and they have eon* 
AieUd, aa the action of the two half spheres above referred to 
show ; and they are not in a state of mutual tendon, as is fully 
proved by very simple experiments with the half hemispheres. 
Therefore oxygen must have passed from e towards n, hydrogen 
firom e towards p, i. e, towards and to the parts to which the 
deetridty has been conducted, for without such tranamisnon of 
the aniona and cations there would be no transmisdon of the 
dectridty, and so no dectrdytic conduction. But then the 
questions arise,— Where do these dements appear ? is the water 
at II oxygenated, and that about p hydrogenated f and may the 
elementa be at last dispersed into the air at these two points, as 
in the case of deoompoBitions against air poles ? (Exp. Bes. 465, 
461, &c.) In regard to such questions other condderations 
oocar respecting we partides about /> and n, and ^e condition 
of charge they have acquired. These have recdved the dec- 
tridty which has passea as a current through the equatorid 
parts, but they have had no current or no pro])ortiond current 
through themsdves — ^the conduction has extended to them but 
not through them ; no electricity has passed for instance through 
the partide at n or at p, yet more electridty has gone by some 
kind of conduction to them than to any o^er of the partides in 
the 8i>here. It is not consistent with our understandmg of dec- 
trolytic conduCbtion to suppose that these partides have been 
char^;ed by such conduction ; for in the exercise of that function 
it ie just as essentid that the electridty should leave the decom- 
posing particle on the one dde, as that it should go to it on the 
other : the mere escape of oxygen and hydrogen into the air is 
not enough to account for the result, for sudi escape may be 
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hee\y pcnaittod in the ciie of dcctrodea plunged into irater; 
■nd yet if the eleotricity oannot ptas fVom the dMompoaiDg par« 
tides into the electrodes^ end ao away by the wires, in s condi^ 
turn enahling it to perform its M equivBlent of eleetrie work 
anywhere ebe in the eifcnit, there is no decompoaitton at the 
final partieles of the eleetiolyte^ nor any electrolytic condnetion 
in its mass. Even in the air cases ahove referred to, there is t 
complete tranBrnission of the eleetiieity across the extreme par^ 
tklcM oonoemed in the eiectrolysis. 

If the aboYe leatoning inrolve no error, but be considered 
anfficient tu show that the partieles at p and n are net electro^ 
lysedj than it is also sufficient to prove that none of the partieles 
between p and n have been electrolyEed ; for though one at e or 
f may have had a enmnt of electricity passed through it, it 
could not give up its elements unless the neighbouring particles 
were prepared to take them in a fully equivalent degree. To 
stop the electrolysis at n and p, or at those parts of the surface 
where ihv moving clcrtricity stops, is to stop it at all tlip inter- 
vening parts according to our pr( s( nt views of electrnlvsis, and 
to «^top the electrolysis is to shut (uit electrolytic conduction ; 
and nothing at present remains but rnrHludion proper, to account 
for the very mauiiest effects of conduction which occur in the 
case. 

It limy l)e imagined that a certain polarized state of tension 
occurs Hi thes^e eiises of static induction, winch is intermediate 
between it and i k etrolvtie conduction (Exp. Res. 1164) ; or that 
a certain preparati >i y iukI as it were incomplete condition may 
be assumed, aistinguiiiliiii^^ tlie case of static conduction with 
globes ot water, which I hu\e taken as the ground of cousider- 
atiuu lioiu the same case when presented by globes of metal. 
Our fuither and future knowledge may show some such state ; 
but in respect of our present distinctive views of conduction 
proper ano electrolytic conduction, it may be remarked that 
baeh diseovery is just ss likely to coincide with the former as 
with the- ktler view, tiiough it most probably would alter and 
correct both* 

Falling back upon.the consideration of the particles between 
. f and % wc find| that whether we consider them as respects the 
current which bss passed through them, or the charge whkii 
they have tidLcn, they ibrm a conthiuons series ; the partide st 
t has had most current, that at n none, that atra moderate ent^ 
rent I and there are particles which must have transmitted every 
intermediate degree. So with regard to charge ; it ia highest 
at fly notliing at e, and every intermediate degree occnrs betweefi 
the two. Then with respect to these superiScial particles, they 
hokL all the diange that saistSy and therslbie all the electrktiy 
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wliicli has been conducted is m them ; conseqnontly all the elec- 
trolytic results must be there ; and that would be the case, evea 
tbongh for the shell we were to substitute a sphere of water. 
FoF; if those particles which have had more current throuprh 
thciii than others be supposed to have more of the elcctrulytic 
results about them than the othere, then that electricity which is 
found associated chiefly, if not altogether, with these others, 
could have reached them only by conduction proper, which for 
the moment is assumed to be non-existent. So, to favour the 
electrolytic argument, we w ill consider the conduction as ending 
at, and the electrolytic results as summed up in, these superficial 
particles, passing for the present the former objection that 
though the electricity has reached, it has not gone through, 
these particles. Takinir, therefore, a particle at r, and consider- 
ing its electrolytic eoiulition as proportionate to the electricity 
which has arrived at that j)article, and given it charge, we may 
then assume — for we have the power of dinnnishing the inductive 
action in any decrrcp, — that the electricity, the conduction of 
which has ce ased u]) on the particle that was there, has been just 
enough to dt compose it, and has left what was the under but is 
now the suriace puiticle, charged. In that case, soinv. other 
particle, in a higher state of charge, and nearer to n, as at s, will 
have had enough electricity conducted towards its place to de- 
compose two jmrticlesof water ; — but it is manifest that this can- 
not be the next particle to that at r, but that a great number of 
other particles in intermediate states of charge must exist be- 
tween r and s. Now the question is, how can these particles 
become intcnnediatrly charged by virtue of electrolytic con- 
duction only y Electrolytic action is definite, and the very theory 
of electrolytic conduction as>uiiies that the particles of oxyiiren 
aud hydrogen as they travel convey not a \ unablc but a per- 
fectly definite amount of ])ower onward in its course, which 
amount they cannot divide, but must take at once from a like 
particle, and give at once to another like particle. How then 
can anj number of particles, or any action of such particles, carry 
a fmction of the force associated with each particle ? It is no 
doubt true, that if two charged particles can throw their power 
either ou to one, or to three or more other particles, then all the 
diiiiculty disappears. Conductiuu proper can do this: but, as 
wc cannot conceive of a particle half decomposed, so I cannot see 
how tins can be perfonoed by electrolytic conduction, i. e, how 
the ]>article between r and s can be excited to the intermediate 
and indctinite degree, conduction without electrolysis being de- 
nied both to it and the particles around it. 
' If the particles between e and n be supposed to conduct elec- 
trolytically by the current which passes through them (dismissing 
rhii, Mag. S. 4. Vol. 10. No. 64. Aug, 1856. I 
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Sir a timei amongst oilier aenona objections, that idreadv giyen, 
tiiat the pioducta would not be found at the plaeea to wnioi the 
electricity haa been eonveyed), atiU the present argument would 
have like force. At r enough electricity my have passed through 
to decompose two particles of water^ at 9 only enough to & 
compose one,-— how is a fiarticle between r and # to change de- 
ments with the particles either towards r or towards 1^ if dectco* 
lytic change only is to be admitted? or howj as befim inquired, 
can two parttdea throw their power on to, or receive their power 
£rom one ? Manv other eonaiaerations spring out of the ihoo^ 
of a water bubbfci under static induction ; but these juat ex* 
pressed, with those that relate to the not of electrolytic action, 
whether at the place oS cunent or of charge, create a sum cf 
difficulty fully snfficient, without any others, to make me auapend 
for the present any qonduiions on the matter in question. 

The couduction power of water may be considered under 
another point of view ; namdf , that which ba^ relation to the 
absolute charge that can be given to the fluids A point from 
the electrical machine can charge neighbouring particles of sir^ 
and they iaspe off in stveanui. It can do the same to particles 
of camphine or oil of turpentine it can do tbe same to the 
particles of water j and if two fine metallic wires connected with 
Euhmkorff's apparatus, be immersed in distilled water, about 
half an iiicb apart, the motes U3ually present will soon show how 
the water receives the charge, and how the charged water passes 
off in streams, which discharge t o i ach other in tbe mass. ^ Now 
such charge is not connected with electrolysis | the condition of 
electrdysation is, that the electricity nsss through the water and 
do not atop abort in it. The mere charge of the water givea us 
no idea where any constituents set loose by electrolysis can be 
evolved, and yet conduction is largdy copcerned in the act of 
charging. A shower of rain foils across a space in the atmo- 
sphere subject to electric action, and each dro^ becomes charged; 
spray may be thrown forth from an dectnfied fountain verv 
highly charged ;«-«coiiduction has been eminently active in both 
esses, but I find it very difficult to conceive Ipw that conduction 
can be electrolytic in its character. 

When drops of water, oppositdy electrified, are made to ap* 
proach each other, they act by convection, u €* as carriera of 
dectrioity; when they meet they discharge to each other, and 
the function of conduetion is for the time set up. When tbe 
water bubble, desert bed p. 102, is taken out of the sphere of in- 
duction, the opposite electricities about p and n neutrslise each 
other, being conducted through the particles of the water. Are 
we to suppoae in these caaes that the conduetion is electrolytic ? 
if 10, whore ac» the constittteiits se p ctnted i vA whew are thq^ 
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to :i{)j)ear? It must be a strong conviction that would deny 
conduction proper to electrolytes in these cases; and if not 
denied here, what reason is there ever to deny it absolutely ? 

The result of all the thought I can give to the subjt ct is a 
suspended judgement. I cannot say that I think conduction 
'proper is as yet disproved in electrolytes ; and yet I cannot say 
that I know of any case in which a current, however weak, being 
passed by platinum electrodes across acidulated water, does not 
bniig them into a polarized condition. It may be that when 
metallic surfaces are present, they complete by their peculiarities 
the condition necessary to the evolution of elements, which, 
under the same degree of electrification, would not be evolved if 
the metals were away ; and, on the other hand, it also may be 
that after the metals arc polarized, and a consequent state of 
reactive tension so set up, a degree of conduction proper may 
occur between them and the electrolyte simultaneously with the 
electrolytic action. There is now no doubt that as regards elec- 
trolysis and its law, all is as if thei'e were but electrolytic con- 
duction ; but, as regards static phamomcna (whicli arc equally 
important) and the steps ol their passasre into dynamic effects, 
it IS probable tliat conduction proper rules with electrolytes as 
with other compound bodies ; for it is not as yet disproved, is 
gupportcd by sti'oiit^ presumptive evidence, and may be essentia!,, 
Yet so distant are thr extremes of electric intensity, and so in- 
finitely different in an inverse direction are the quantities that 
may and do produce the essential phienumena of each kind, that 
this separation of conductive action may well seem perfect and 
entire to those whose minds arc inclined rather to see conduction 
proper replaced by electrolytic conduction, than to consider it as 
reduced, but not destroyed ; disappearing, as it were, for elec- 
tricity of great quantity and small intensity, but still abundantly 
sufficient for all natural and artificial pha;nomena, such as those 
described, where intensity and time both unite in favouiiu^ the 
£nal results required. 

But we must not dogmatise on natural principles, or decide 
upon their physical nature without proof ; antl, indeed, the two 
modes of electric action, the electrolytic and the static, are so 
dififercQt yet each so important, tlie one doing all by quantity at 
▼cry low intensity, the other giving many of its chief results by 
intensity with scarcely any jiroportionate quantity, that it would 
bp dangerous to deny too hastily the conduction proper to a few 
cases in static induction, where water is the conductor, whilst it 
is knoTvn to be essential to the many, only because, when water 
18 ^he electrolyte employed, electrolytic conduction is essential 
to every case of electrolytic action. 

12 



Digitized by Google 



1 



[ 108 ] 

XIV. Om ^ Moleeiikar CimttUMium of CfytUik. 

By BOBBRT T. FOBSTSBy ^ J9.* 

[With Two Pktes.] 

ANY tlicorics which have been advanced to account for the 
phsenomcna of crystallization have been but short lived in 
their reputation ; and, indeed, it may be safely doubted if any 
occupy 8uch a position as to entitle them to much crcLllt. 

The subject is itself one of uuu l I interest j and although the 
consideratiuu that so many able muids have failed in tlie atti mpt 
to investigate it may naturally deter an inquirer, still the prize 
is sufficient to persuade him to hazard the attem})t. 

1 shall lirst take a short review of the many theories which 
have been advanced in explanation of the phtenf)uiena, and I 
trust I shall be able to show that some were unquestionably 
faulty, and all unduubtcJly aad confessedly deficient. 

Passing by the many absurd theories advanced on this subject 
in ancient times, the hrst whom we find deserving of notice is 
Christian Huygens. In his celebrated work on double refrac- 
tion, he considered the crystals of Iceland spar to be built un of 
ipheroids^ which hy thdr unequal density separated the incioent 
light into two rays. He did not, however, give any reason why 
the particlea are so aggregated. 

Hooke, in his Micrographia, advanced a similar hypothesis, 
except that he considered the atoms to be spherical; a suppoai* 
tion which wonld have accounted for forms in the first system^ 
hat which would have utterly failed in case of the tmrd or 
'^rhombohedral/' to whidi he applied it; nor does he perceive 
that the molecules, if left to themselves, would not assume a 
definite arrangement. He does not seem to consider these 
Spheres as the ultimate atoms; he says, ''that having already 
shown how a fluid will naturally assume the spherical form, he 
will proceed to show how these spheres will unite to form a 
crystal/' On the absurdity and complication of such ideas I 
need not dwell. 

The next who commanded attention was M. Prechtl de Brun^ 
whose ideas were to a certain extent those of Uooke ; he con* 
sidcred a fluid to be made up of soft molecules, which, while the 
body was undergoing its change of state, suffered a change of 
form arising from their mutual pressure, and that they were 
thus formed into cubes, dodecahedrons, &c. ; the cubes by their 
union forniinL; laro-er cubes, ice. Not only was this hypothesis 
quite insuihcient, inasmuch as it substituted one ditUcuIty for 

* Communicated by the Author having been read before the Royal 
Iridi Academy, May U, 18^. 
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another^ but it was totally erroQeoos in theory, as Dr. WoUastoa 
has ably shown. 

Immediately after him. Dr. WoUastou published in the Philo- 
sopiiical Transaetions a theory of the manner in which the 
common oc^edron and tetrahedron may be boilt up of spheres 
having a mutual attraction for each other. He evidently con- 
aidered hia ideas the same as those of Hooke, as he says he found 
himself anticipated b^^ that writer. He does not seem to have 
prosecuted his inqnines veiy far, indeed he leaves totally nn- 
notioed the innumerable other forms to be met with in nature. 
He does, however, make some observations with regard to the 
cube, but he does not appear to have satisfied himself; his words 
arc to this effect If a number of white and an equal number 
of black balls are so arranged that each white ball shall be equi- 
distant from the four ik arest black balls, and also from the 
adjacent white balls, the form which they would take would be 
a cube." 

I shall now endeavour to show that this theory of the forma- 
tion of the octahedron is faulty, inasmuch as the molecules, if 
left to themselves, would never assume such an arrangement. 

If any four spherical atoms become attaehed in consequence 
of their mutual attraction, they will rnmlnne in the manner 
shown ni Plntc 1. tig. 1, and anv t'ltth atom will attacli itself, as 
shown in iiu:. 2; but if we examnic fig. 3, which represents the 
arrangement which he supposes them to have, we will find that 
any five adjacent splieres occuj)y a position such as sliown in 
hg. 4, a position wlucii they evidently never would naturally 
assume . 

^VoUaston himself seems to have some lurking doubts of the 
validity of this assumption, as he begins by showing how the 
spheres will become aggregated if on a plane^ and then from this 
basis builds up the octahedron; this, however, is the very man- 
ner in which crystals do not form. 

The first who really investigated this most interesting subject 
was the Abb^ Haiiy ; his work forms an sera in the history of 
the scienee. He perceived that many crystals were liable to 
cleavage, and that thus in many cases new solids were obtained; 
he was led from this to consider^ that, if this cleavage were con- 
tinued long enough, he would ultimately arrive at the absolute 
atom ; and he assumed, without sufficient foundatbn, that this 
atom should have the same form as the solid obtained by cleavage. 

The forms which he considmd the molecules to have were the 
tetrahedron, nandlelopiped, and the three-sided prism. He 
dearly showed that many of the forms could be constructed with 
these elements, and he pointed out how some of the secondary - 
fonns would result from certain decrements or omissions in the 
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regular succession of the particles. He however failed in account- 
ing for the formation of the ordinary octahedron, as such a form 
could not result unless from a mixture of little tetrahedrons and 
octahedrons, or unless the tetrahedrons were united bv their 
corners, leaving spaces betwefen theiit. The necessity for suck 
an arrangement so unaccountable and so tot^illy at varianefe with 
the rest of his theory Was evidently subversire of it. He mnre- 
over does not attempt to explain why the decl^rtieiits that we 
have spoken of take place, nor does it seem possible to do 80 on 
his hy])()t hesis. He seems to have begun at the wrong end, and 
instead of investigating how cfertain particles could unite to fonn 
certain crystals, he contented himself with showing that such 
crystals might be formed by pdmg up the molecules in a par*- 
ticular manner. 

The last and most successful writer is Mr. Dana, the American 
mineralogist, who first published his views on the subject in the 
year 1836. 

He considers the molecdles to be spherical, and possessed of 
six poles, each 90° distant from the nearest ftml* ; three adjacent 
poles being of One denomination and threH of atiotber, those of 
a like noH re^lling^ and those of an utiUke attracting each other. 
By meana of this hypodieiia be very aatilfketorily explained tbe 
eabieal fbrttiatioii^ and pointed ont^ like Hniiy, how the many 
secotidariea can be obtdned from tbe cnbe certain deeirementa 
at tbe edges or angles. He also acdoonted Ibr the foMitiini tif 
twin crystals, by showing how two moliicilles ina/ Mieidrifittflljr 
unite at a point of eqiailibrinm between two or tbre<i po\€Bf He 
supposed the molecules to be in tbe first system spheres ; ib. the 
second spheroids t in the third Spheroidi^ the poles being at the 
ettrdmities of equal conjugate diameters; lli ihe foiirth dUpsoids ; 
in the fifth the sam^^ the poles bemg at the extremities of ixes;, 
two of which arc inclined to each other; and itl the siitth the 
same^ all the axes of the molecdles being inclined. He^ however, 
does not In the least account for the foM&tloii of secotidtary 
planes fidthchgh he wishes lis to ftnpt)08e sol, ikot of the ofccup- 
rence of hemihedhd forms. In this respect all writers on He 
subject have erred ill liot entering sufficiently fully on theiiives- 
tigation ; either contenting themsehrCs^ like Hitfijr, #ith tanlA* 
deridg how certaiu solids could be buUt up to forth other SOlids;, 
or, like Dana, merely obsenring how molccnlesi if pdssessed iJf 
Certain propeirtieii. Will uilite after certain laws. 

Ithe problem, an it appeal to me, is of a ihUcll more g^beral 
nature; we have to consider a iiutnber of molecules fo which we 
have given certain properties, and we hate to intestigate what 
forms they will as^^umc, and what modifying influetic^s may mme 
into play during the (yrocess. We cannot expect, thit^ iMt 
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several molecules have united and a solid has thus been formed^ 
no change will take place in the law of attractioii oonsequetit cm 
the mutual action of idl the accumulated particles; nm eiQ Wo 
eafely tappose, that propertiee which m themaelves tfatMienti 
add certainly tiot exutttig when the body is in all its states^ may 
not be alterable after the body has assumed the solid form. 

Dana aeems to hare given unnecessary complication to hii 
hypothesis, and by this means to have rendeied the eiplanation 
of some of the phnnMena impossible. It appears to me that 
all the conditiohs would be satisfied by the molecules having six 
poles, all exercising a mutual attraction for each other] the form 
which would result from the union of such molecnles would evi- 
dently be the cube (fig. 5). But it is natural to suppose, in accord* 
ance with similar phaenomena in nature, that these pdes maybe 
liableto removal or displacement on account of their mutual attrac* 
tion for each other, and that the attracting fluid is only held in its 
place by a certain coemTc force of the molecule itaeLf^ as is the 
ease in the common magnet. As the crystal increases in siscj 
those molecules which are at its extremities will be more and 
more acted on by this influence, and some may altogether lose 
their polarities (at the same time it is by no means a consequence 
that these inolerulc^ will drop ofl^, since the attracting fluid tieed 
not be rcmrnrcl frnni the mnlerule, but only di'^plncnd) ; the 
con.^cqueuee wiil be, tliat the I'lrc particles will not })v atlaclu'd 
to those which have lost their puiarities, and modilymg planes 
will appear. 

Thus in case the molecule at each corner of a cube luse its 
three unattached pules, a plane will appear at each corner^ and 
the f)rf'diedron will be thus formed. 

If a row of molecules along each edge lobc their unattached 
poles, planes will appear on each edge, which will of courSc belong 
to the dodecaliedrnii ; but if two rows of molecules lose their 
poles, the resultant form will be a tetrakiiibexaiiedron; if three, 
another tetrakishexahedron. 

Let us now consider under what circumstances these dififerent 
results will take place. If we consider the manner iu which the 
flddHioiial particles are laid on those layers already fortned, it is 
erident that those particles nearest the centre will be the first to 
whieh new moleeules will become sttaehed, and thit in general 
the particles will attach themselTes as nearly as possible to the 
centre of the crystal, inismuch as the attraction is strongest 
there. On the eonthirr, those molecules which are farthest 
from the centre will be tne first to lose their attractive force, as 
numbered in fisr. 0. 

If all the mdeeul^ in a face already formed be corered except 
the extenud row, ind if, while the internal molecules were hating 



Digitized by Google 



112 



Ui: II. T. Foi-stci' on the 



new molecules attaehed, this external row lost its polirities, th^ 
dodeeabedral faces will appear. In like manner^ if only the 
extreme comer molecule lost its polarities^ then all woidd be 
covered but that one, and the plane formed would beloDg to the 
octahedron. In fact^ we have the molecules becoming eonaeca* 
tively attached in one direction, and the polarities of those mole- 
cnlea to which they are to be nttuched being oonaecntivdy 
removed in exactly an opposite direction ; of eonrse, then, after 
a certain number of molecules have become attached, no more 
molecules will be attached on that layer, and a new layer will 
be commenced in exactly the same manner, and exactly the same 
result will ensue, the sanie number being dropped as in tlie last 
layer, and tlu' consequeiu c I t in^r that a plane will be formed 
being a tangent plane to those molecules to which no otliers 
have become attached. It might appear at tirst sight that this 
is not tnie, since the number of molecules in each face are as 
the squares of the number of uiolecuks along an edge; but we 
are to rcmcuibei' that all those molecules equidistant Irom the 
centre have new molecules attaeiud to them at the same time; 
therefore the time which elapses while tbe whole face is being 
covered is only that which elapses while a single row is being 
covered. 

There is one description of crystals which have been left 
nearly altogether unnoticed by all writers on this subject, namely 
heminedral forms. The only person who mentioned them at all 
was Wollaston^ and he contented himself with proposing a theory 
for the formation of the tetrahedron, leaving ouite iuiez|plamed 
the union of the cube with the tetrahedron (although hia own 
thoughts were ehcated bv the octahedral cleavage of cubical fluor 
spar). His theory of tne formation of the tetrahedron I have 
already shown to he faulty. I will now endeavour to show 
under what circumataiioes hemihedral forms without nanllel 
faces will be produced. The theory I am about to put forward 
is not sufficient to explain the formation of crystals with parallel 
faces ; but this does not invalidate it, inasmuch as, from the 
well-known fact that forms of these two denominationa are never 
found united, we can safely infer that there is something essen- 
tially different in their nature; indeed we might say, that if any 
theory was capable of accounting for both, ^e fact of its doing 
80 would be an argument for its rejection. If the molecules be 
spheres, each having twelve poles, or centres of attractive force, 
on its surface, and these poles were arranged as shown in 7, 
the form which such molecules would assume is the tetrahedron. 
(The intersection of the *rrpat eireles iu the figure show the 
position of the poles; each great circle is divided into six equal 
parts by the othcrs,aud they cut each other at angles of 7 0°3i' 441'.) 
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For if any two of theae spheres become united by two of their 
poles, they will evidendy, from the mutual action of all the poles, 
assume such a position as shown in fig. 8; and a third moleede 
would be attracted in a simflar position, while a fourth would 
attach itself to the three poles. A, B, C, by its three poles a, b, c 
(fig. 9). We have now a tetrahedron formed, and by precisely 
analogous reasoning we can continue the process of formation. 
It wiU be observed that a fifth molecule, if attached^ will be in 
the same plane with three othersi, and will only touch two; a 
result to the necessity of which I have already adverted when 
speaking of Dr. Woilaston's hypothesis. 

If a tetrahedron be thus formed, and if a row of molecules 
along each edge lose their polarities in each consecutive layer, 
each additional layer of particles will be deficient by a row, and 
faces will appear replacing the edge of the crystal tangentially ; 
such faces, it is well known, belong to the cube. Wc have now 
a compound form consisting of a cube and tetrahedron. {Vide 
Plate II. ti-s. 10 and 11.) 

If each layer be deficient by one molecule at eacii corner of 
the faces, planes will ap})ear truncating tlie corners of the tetra- 
bedron, which will of course belong to the octahedron. In like 
manner, if two or more rows be omitted, the hemukosltetrahedron 
will be formed. And if the same occurrences take ])lace after 
an octaliedron has been formed, the holohcdral ibrms of these 
solids will be obtained. 

It is well known that crystals in the first system are liable 
to three distinct cleavages, which would evidently indicate 
three distinct formations ; two we iiuve already investigated, 
namely the cubical and ictiahedral ; we w ill now endeavour to 
show under what circumstances spherical molecules will assume 
the form of a dodecahedron, and will then proceed to pro\ e that 
these three formations will ^ive rise to three distinct cleavages, 
the directions of deavajie being in every ease parallel to the faces 
of the solid itself, an mstance of agreement which is strongly 
anggestive of truth. 

If the spherical molecules have eight poles situated in the 
same relative positions as the comers of a cube, they will, if under 
no disturbinff infiuence, assume the form of a dodecahedron ; 
for if any sphere attract eight others, they will be arranged as 
shown in PI. 1. fig. 1 2, all the poles of each sphere having the same 
position as regards the eye ; for it is evident, that, if after union 
th^ have any other position, the mutual actions of all the ])ole8 
will cause them to rotate on each other till tbey have that definite 
position ; these eight will be attached simultaneously, and imme- 
diately six others will be attached to them, as shown in fig. 13. 
We Iwve now a dodecahedron formed ; and it is evident ^at as 
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Ab trpiMl mmn, the aame form tnll be retained (fig. 11). Such 
H erysUl will be Ikble to modifieation in the Bame manner as 
those alfeady diacnsaed, and ihna all othet fomis may be built 
tip Is thia maonef. 

We bate thna aeen that on tbeae thi^ bypotheaea it is pes* 
iible to exjMn all forma; tbe ctibical jrivi^a riae primarily to the 
cube^ and by meana of decrementa to all otbera except tbe tetm- 
hedit)n. And here ire may mention a ftet atrildndy confirma* 
lofy of theae views, namely^ that there knot a single mttanee in 
nafvTc of a crystal exhibiting the tefrahedra! form, or that ofaw^ 
of its Itemihedral derivatives, and pOUessea of cubical el&lvage. 
The tetrahedral gives rise to that solid and all other* by ita mo- 
ditotiona, and the dodeeahedral in Uke manner givea riae to all 
forma; and thus any Crystal may hare any cleavage. 

As reglirds cleavagej it takes place in every caae in whatever 
direction the least resistance is met with ; thoa where each mole- 
cule has six poles the cleavage is cubical, becmnse such a division 
separates each atom from one other only, whereas the dodecahe- 
dral cleavage would separate each atom from two others, and the 
octahedral from three^ aa ia at once evident on inapection of 
fig. B 

In like manner, in the tetrahedral arrangement the eleavage 
is parallel to the face;? ; for it is evident (fig. 3) that such a divi- 
sion would separate cueh molecule from three others, whereas 
the only other cleavage hich it could jx^s'^ibly undergo, namely 
that parallel to planes on the edges, would separate each mole- 
cnle from four others. Lastly, where the poles are eight in 
number, and the formation dodeeahedral, the cleavage planes are 
parallel to the faces ; for by division in .such directions we over- 
come the resistance of two poles in each molecule, while if we 
divided the crystal by jjlanes parallel to the faces of the cube, 
we should separate each atoiu from four others; if by planes 
parallel to the faces of the octahedron, from three others. 

These three formations occur in the other systems also, and 
give rise to corresponding cleavages ; but as aome of the pole^ 
are stronger than others^ ut thoae syatema particular cleavages 
are embent* 

We have now nviewed all the dtnbrent fbrma of the flrai t^atetd s 
it only remaina to apeak of hemitrope and twin eryatall. 

Dana has aatiafactorily shown that thete will ariae ftom the 
iCddental nnion of two molecnlea at the middle points between 
two or mor^ polea; an aeeonht of hia theory first appeared in 
the American Jonmal of Science for 1856. He was Certainly 
tht first peraon who Mly investigated this part of the subject | 
but justice compels me to add^ that hia ideas were directly bor- 
towed from Sir Patid Brewster, who tome yearn before, in ati 
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article on polarization produced by coirqircssioii, thus expressed 
himself : — "Tbe pliLenumena <'i elenvagf and of hemitrope forni3 
would clearly iiulicate that the integrant molecules are spheres, 
each having six poles on its surface." This ai-tiele was quoted 
by Dana in the American Journal of Science, aiiii formed the 
basis of his investigations, without however being acknowledged. 
Sir Da\ id Brewster j?oes on to say, that it is owing to the dif- 
ferent degrees oi force possessed by the different poles that 
the different cleavages are due; and in this he is clearly in 
error. For if a cube be divided either by the enbical or octahe- 
dral cleavage^ every moleenle will eventually become separated 
from every other. In fact, to divide a crystal in whidi the 
arrangement is cubical by the octahedral cleavage, we must at 
each ieetim separate every molecule from three adjacent tnole- 
cules, or in other words, we must overcome the cohesion Of 
three of its adjacent poles : but it was to the unequal obhe- 
aion of these very three poles that he ascribed the nabtlity to 
cleavage. 

Dana also, as I have already stated, fiointed out thiit in the 
'second and remaining systems the molecules ate no longer 
stdieres, but spheroids or ellipsoids ; and with this modi- 
neation, all I nave said applies word for Irord Ui the othet 
systems. 



XV. On the Felspars occurring in the Granites of the Lhihlin ftnd 
IVicklow Mountains. By fhp Rev. Joseph A. Galbraitji, 
M.A., Erasmus Smith's Professor of Natural and Expertmental 
Phibsophy in the UmversUy of Dublin. 

To the Editors of the Philosophical Mtiydzin^ and JournaL 

AGOMHUNICATION ftom Mr. /ehnings which app^bred 
in your last Nbmber, bn the Felspars of the Dublin 
Moniitains, makes it necessary for Ine to request thiit you trill 
insert itl your Joumel a short atomnt of a discittsioil which 
Arose tome tune ^ce itl the Royal Irish Aciide»iy to thil 

subjeet. 

In the month of Jimxkry ISSSi 81^ Robert Kane brought 
under the notice of the Academy an aiialysis of the iHraiterl whieh 
descend from the sides of the Dublin Itountains. tlie A>11oWing 
is his analysis of the residue after eva]»orfttiott, of What he con- 
sidered to Ve A typical specimen >^ 
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Organic matter 28*80 

Carbonic acid 7*40 

Muriatic add « . « . ir . • 17*99 

Sulphuric acid 6*84 

Silica 8-81 

Lime 8*08 

Magnesia • 0*85 

PoUah 2-86 

Soda 30*48 

Lois 394 

10000 

In the di>cu&siou of this analysis, be considered that the 
muriatic acid present existed in tlie form of common salt, de- 
rived from the vapours of the adjoining sea, which leaves of the 
soda 15'20 to be disposed of ; he tlien allocated all the potash 
to the sulphuric acid, of which it sot m ates 2*43, leaving .3-91, 
which he suj)posed to be combined with ioda, leaving tinally of 
this alkali 12" IG to exist in combination with silica and the 
organic acids. This large amount of silicate of soda in the waters 
heattributed to the decomposition of the felspatbic materiala <^ the 
granite and in conclusion^ drew the inference that the felspar 
of the Dublui granites is^ upon the whole^ a soda or alhitic fd* 
spar, although in particular localities orthose or potash felspar 
nuiy be found. Tikis inference he also stated was verified by a 
great number of analyses of specimens of granite takoi from 
various parts of the range which extends from Dublin into the 
county Wicklow ; in all these specimens both alkalies were found, 
but the soda in such excess, as to indicate that the potash should 
be referred to the mica which the granite contained, and the 
soda allocated to the felspar. 

By this interesting communication to the Irish Academy two 
important questions were raised; viz. 1, whether the felspar 
which enters into the constitution of the granite is an albite ; 
2, whether orthose or potash felspar is a rare mineral^ to be 
found only in special loodities, such as KUliney. 

In a communication made at a subsequent meeting by Dr. 
Apjohn, the first of these questions was fully disposed of, as 
from the analyses which he furnished of specimens of felspars 
taken from different localities, potash was invariably found in 
notable quantity, const it utmg at least one-half of the alkalies 
present, sjhowmg that the felspai' could not in any sense be con- 
sidered as albite or soda felspar. 

To the second of these questions I directed my attention, and 
having procured specimens of fekpar, taken from seven locaiitics 
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at about e(|ual distances in a line stretching forty miles from 
Dubliii, 1 subjected them to careful analysis, and furnished the 
results to the Academy, and also to your valuable Journal. 
These results leave nothing to be wished lur as far as the second 
question is concerned, as in < \ cry case the specimen appeal i d to 
be true orthose, resembling iu cveiy particular those which are 
to be foiiud in Killiney and Dalkey. 

In the last Number of your Journal I perceive that a commu- 
nication has been made by Professor Haughton, in which he 

g'ves a nnmber of analym of roek speciment taken from different 
calitiea in this range ; bis resnlta appear to be altogether in* 
eonnstent with the opinion expressed by Sir Robert Kane aa to 
the character of the felspars of these momitatns, and therefore, 
of course, with the extended aeries of analytical investigations of 
rock specimens on which Sir Robert Kane stated that he founded 
bis opinion, and which, although now nearly three years have 
ehmaed, be has never produced. 

Ptofessor Haughton has, in the course of bis research, dis- 
covered a most interesting fact as to the character of these gra* 
nites, namely that in every q>ecimen taken from the range itself 
the potash predominates over the soda, while in the outing 
granitic protrusions, the soda prevails, thus indicating a curious 
constitutional difference, which may, and probably docs^ accom- 
pany a difference of age in these rocks hitherto undiscovered. 

As to Mr. Jenning's interfei^nce in this discussion, he has 
not, in my opinion, contributed much to either side; nor do I 
think he unaerstands the question in all its bearings. In the 
course of this article it has been stated, that, at the very outset 
of the discussion, analyses of felspars were produced and relied 
on by I)r. Apjohn, in which the proportion of the alkalies was 
nearly equal ; it will therefore appear that the production of a 
siTi2"le additional, and that but a partial analysis, confirming, so 
fur as It goes, Dr. Apjohn's result, cannot throw much new light 
on the question at issue. 

Immediately after the meeting of tlic Geological Society, at 
which I obtained a ])art of the specimen i'urnidhed by Mr. Jen- 
nings, i made the following analysis : — 

Sitica 

Alumina .... 
Peroxide of iron . . 

Lime 

Potash 

Soda 

Loss by ignition • • 



7oa2 

1612 
8-20 
1*84 
4-65 

3-39 
0*96 
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I imi gteal0tt mm in ojbtaiBmg t|i# alkalks ^mwrttd^, 
ittd tiati BO doubt that the nmobeni jutt mpn a<$caii|tel v rcprp* 
fMDt their reU^ive proportioQt. )t is to he r»grette4 tW Mf^ 
/enniiigt did not obUm fiom Mr. Campbell a eompktaanalvMiip 
ap parfifit (Bonfidenae oaQiiot be pliiced to yintjietiye mous if 
fll the oonttitveDts be not weired | bul if we eme to accept 
Mr. Campbells detenninatioaof thealkalieaaapeifecily ooiirect, 
it )a us wholly irreooDfiileable with Sir Robert Kaae'a stulipinfnt 
88 any thai has been produced during the pontroveny. 

X regret partieiUarly that Sir Kobert Kane haa left tbu question, 
ao far aa he ia eonomed* without any means of solution. An4 
as those who are competent to decide such questions naturally 
withhold their judgemoDt till all aides are heard^ I hope I may 
excused if in these pagea I expreai the hope lhat ere long Sir 
Robert Kane will favour the publie with u^e investigatjoiia oi^ 
which he haa b^aed his opioion. I mayi no doubtj be in ^mr 
in some of my views of this question ; and if so^ would be g;]a4 
to have my miatake* corrected by so competent an authoiity. 

X remain, Gentlemen, 

Your obedient Servant, 

Trinity College, DubUn, JoaaFH A. &A^MWi^f 

July 16, 1855. 

XVL On im douhlfid Brilkk 8peae», Q^ioA^ 

By % F. Gbio, Bsq.* 

I HAVE lately had an oppurt unity of seeing the original spe- 
cimens from which J many yeuis ago, the lat*- Br. Thomson 
described the rather doubtful species Gluttaiite and Zcuxite, 

1. The Gluttaiite occurs both crystallized ami massive. The 
massive much resembles, iHLlLod Dr. Heddk; lately suggested 
it might be, edingtonite. The crystals, which Dr. Thoinsoa 
rather loosely described as having nearly equilateral faces, 
either four-sided pyramids or regular octahedrons," are withoHt 
dpubt chabasie. The crystals, though not easy to distinguish, 
OCCOT in doubly six-aided pyramids, a form of chabasie sometimea 
alao called pbaeolite. Another proof of ita bttng in allprobability; 
ehabane is the fact, that ghUaliU ia deacribed by Tnomaon as 
containing per cent* of water, which ia eiactly the proper 
proportion for chabasie. 

2. Zeuante. — ^Thia mineral I have kng eonndered aa merely 
a tourmaline or schorl^ and my inepection of Dr. Thomeon'a 
apedmen only confirms me m that opinion. At the time the 
apedmen was found, viz. in lttl4^ at Hnel Unity, little waa then 
known comparatively of the preoiae eompoeitkm of tourmaline;, 

a Cewunideated by tlie'Avtlior. 
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m of thu birs of isomorpbiflin ; and many miq^rals might tb^ 
loam been considered true and distinct species wbicU would bo 
now united. The following Tabic of old analyses of toHrmaUn^ 

E'ven in Dr. Tbomson's original bookj wiU at once show l^w 
gUy probable it is that z«u9tUe is in reality nothing but touv- 
indine, and th«t at that tune no bettor analyna oooid haYO bom 
exnected. 





Xendte. 


Tourmaline. 




Eibeiutock. 


Moimt Bom. 


Greo^lADd. 




*»• 

Al 
F« 

Na 

• 

u 

• •t 

B 

• 

H 


38-48 
31-85 
88^1 
t-48 


88-05 

38-23 

mo 

0-85 


44*10 

J6-36 
11*88 
0-50 
8-97 

8*88 

572 
0^ 


8879 
3719 
5*81 

5*86 

0- 12 

8*63 

1- 88 


85*90 
35-60 
17*88 
0*55 

113 
8^ 


••«•*••«• 


8U 




^89 




5*38 










101-05 


88*48 


86*43 


89^8 


Spec. gniT. 


SH)5 


3-03 


8*14 


3*06 


8*84 



Not only dues the specific gravity of zmxite agree with that 
at tfjiiriiialiiu*, but its behaviour before the blowpipe, as described 
by Dr. ThouisioiVr is ako similar; and it is worthy oi remurk, he 
mentions that tlu wtit^r in zeuxite contained traces of muriatic 
acid. Had he tried tor boracic acid^ he would more probably 
have found it was boracic acid. 



Mp J. C. Poeenif DOftPF* 

[Continued firom p. 19.] 

% On the Phanomena observable during t/ie Action of t/te 

Apparatus. 

HITHERTO it has not at all, or has not su^cientlv been 
kept in view, that the phffinomcTia manifested by tne ap- 
paratus arc essentially different according as the ends or poles of 
the induction wire arc fither (1) connerted by means of a good 

conductor, or {Z) a^parat^ by air pr g/Mt or (3) separated by 
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meant of a liquid or solid inaolatof • In this peeoliaritj Yokaft 
indnctiofi apparatns differs esaentiaify from the magneto-dcctrie 
machine. 

FSnt eoMe.—Yfhiea the poles of the induction coil are eonnected 
by a metallic wire or by a good conducting Gqmd^ the indftctkn 
current consists of two parts, or two alternate cnnrents^ one in 
the opposite^ and the other in the same direction as the inducing 
current, corresponding respectively to the momenta when the 
circuit of the latter current is closed and broken. 

This can be detected by the galvanometer. When the indne- 
tion wire is very thin and long, and a galvanometer is introduced, 
no deviation is observed ; but when the said wire is thicker and 
shorter, or the inducing current stronger^ the phmomenon of a 
twofold deviation, which I described in 1888, is observable^. This 
is caused, of course, by ^uick, successive magnetisatioaa of the 
needle in opposite directions. 

If water or dilute sulphuric acid is introduced into the cur* 
rent between platinum plates, oxygen and hydrogen are Ubenled 
at eadi plate, and after the cessation of the current no trace of a 
polarisation of the plates can be detected. 

In a similar manner, moistened iodide of potassium paper> 
when put in contact with the poles, shows a separation of iodide 
of equal strength at each pole. 

An electric thermometer rises, the direction of the current 
being indifferent to it, but a thermo-electric current receives no 
charge. 

Lutly^ the condenser has no influence upon these phmomena. 

Second ease^^yTtm the poles are separated by a stntnm cf 
air or gas^ even although the stratum be very thm, only one of 
the two induction currents acts, t. e, the one produoed by break- 
ing the galvanic current; the other, produced by doaing the 
current, remains without external action in the coil, whioi on 
that account obtains fixed poles. 

This is evident in the phsenomena of tension, which are exhi- 
bited when the induction coil is unconnected, that is to say^ when 
its poles are separated by a great thickness of air. If during its 
activity an electrometer be brought for a moment into contact 
with one pole of the apparatus, it will be quite accidental whether 
it will become charged positively or negatively, as the two dec- 
tridties change places continually on each pole. If the dectrcK 
meter be pla^d near enough to allow sparks to spring over, onh 
one kind of dectridty is obtained from each pole, t. e. that whica 
bdon^s to the nolo when the current is interrupted. 

This is still better shown when one of the poles is connected 
with the eardi by means of a wire. The deetrometer, when hdd 
* Poggeudodrs Amuilm, vol. xlv. p. 353. 



Digitized by Google 



and its Effects, 



at a considerable distance from the other pole (e. g» an ineh and 
a half), becomes charged with the electricity which cormponds 
to that pole and the above-mentioned current; but it iBeharged 
by radiation merely, and not by sparks. In accordance with 
these results^ it was found that when a wire ooimected with the 
earth was hdd at a short distance firom one of the poles, and 
sparks taken from it for some time> then^ after the cessation of 
the current, the whole induction coil was charged with that kind 
of dectricitv which belonged to the other pole* 

The sparks which can be drawn from one of the poles of the 
induction coil in its unconnected condition are of course stronger 
when the other pole is connected with the earth, and apparently 
alfwra stronger at the negati^^ than at the positive pole. 

When the two poles of the induction coil are brought so near 
to one another that sparks pass between the two, the circuit may 
he considered closed; but this closing of the circuit differs from 
that produced by a good conductor; in the latter, both currents 
circulate ; in the former, only the one which is produced by 
breaking the inducing current. The stratum of air between the 
poles, which may be compared to a filter, insomuch as it keepa 
one current back, requires to be only very thin. A piece of dry 
blotting*paper,whe!i placed between two metallic plates connected 
by wires with the poles of the induction coil, perfectly fulfils the 
purpose of separating one-half of the electricity, and occasions a 
current of constant direction, which, its discontinuity excepted, 
possesses all the* properties of a galvanic current of high inten- 
sity, — is similar, in fru^t, to that of a very great number of veiy 
small plates. 

The interruption by means of points serves, of course, the 
same purpose; and in many respects this purpose may be still 
better effected by means of the electric egg, because in rarefied 
air the discharge between the ends of the metallic cnTi(Uictt>rs 
talvcs place much more quietly than by the sudden spnuLcuiu" (>i 
nparks in an- of tlie common density. The thinner and more 
rarefied the stratum of air, tlie Ics^ thr ( ui rent will be weakened 
by this interruption, although, perhaps, a part of the same may 
^ always remain behind in the wire. 

The effects of the curi < ut when interrupted by a stratum of air, 
and its difference from a perfectly closed current, are manifested 
by the galvanometer. A definite deviation is now obtained which 
depends upon the direction of the current. It is yrcater with a 
thick than with a thin induction wire, and it is also more conti- 
nuoifs and regular when the eui'rent is interrupted by discharges 
in a partial vacuum, than when it is broken by sparks in common 
air. When we consider the difficulty with which the deviation 
oi u magnetic needle is effected by frictional electricity, the iaei- 

PhiL May. S. 4. Yul. iO. No. G4. Any. Ibjj. K 
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hty with which it is here produoedi even without any^ Hmikitiffn 
of the galvanometer, will appear somewhat remarkable. 

According to liiess, a thermic action is produced in the wire of 
the interrupted current, but it is an exceedmgly weak one. With 
my less sensitive air-thermometer I could not detect this action, 
although the same was sufficiently sensible to show the increase 
of heat in the perfeetly closed wire, especially when the latter 
was thick. It is worthy ol notice, however, that uotwithstaiidiDg 
tlii«, a tliermo-electric battery was r]i;irL::cd in exactly the same 
nianiK r as witli a pralvaaic current, that to say, opposite to the 
direction of the sauie. T observed it in a coTubinsUion of two 
Y-formed bismuth aud aiitimuny pairs. The common thermo- 
electric batteries are not heire applicable^ in oonsequcnce of their 
imperfect insulation. 

The sparks at the })ouit wliere the current is broken have, also 
a thermic action, in fact, a much greater one than that \\bich 
takes place in tlic metallic circuit of tin- cunt^nt. When very- 
thin platinum wires are used as pules, and when they arc brought 
near one anothci*, it has already been observed by several phy- 
sicists that the point of the negative wire, which is then sur- 
rounded by Un puiitivc sparks, becomes red-li ot. 

Chemical decompositions, decompositiuiis of water, iodide oi 
potassium, &:c., are effected in i \;u t ly the same manner as with 
a ^alvciuiu current, t. e, only one electrolyte is separuttd at i ach 
pole. In water the electrodes become polarized, and when they 
are composed of very Mm platinum vrires, the negative one 
becomes slightly illuminated at the extremity. 

Many of these decompositions are interesting when they are 
10 made that the point where the eiurait ia biDken is at the 
liquid itself. For this purpose the wires of the discharger aie 
pkced vertical and near one another, and the Uqnid ia made to ap- 
proach them from below, so that the sparks may be made to atiuus 
the liquid from both wures at once, or onhr from one, the other 
being kept houneraed. In generd it is found that the atreaoEi 
of sparks from the positive pole posscssea a yellow or iwldiali- 
yellow colour at the top, close to the point of the wire, and fonaa 
a blue disc below on the surfaee of the water; whereaa the 
stream of sparks from the negative pole is blue at the top, and 
surrounds with this light a part of the wire from the point, 
whilst a yellowish glimmer rests upon the liquid. When the 
liquid is placed nearer to the wires, shout a quarter of a line 
from them, the phsenomenon reduces itself to blue ^lark* at 
the neoative, and yellow ones at the positive pole. 

Further, the phienomenon is different according to the nature 
of the liquid. Non-conducting liquids, such as turpentine, do not, 
of coorseiiahowtliephKiiomencmataU. With distilled water it ia 
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w«ak^ beeaoae tlie tparln are iniaU uid have little intensity of 
li^t. It ia more ]^ect with weak aulphanc acid^ hydrochloric 
acid, nitrie aeid, with solntiona of hydrate of potash^ carbonate 
of sodtj &c. ; with these alkaline liquids the middle part of the 
stream of sparks has a beautiful yellow colour, at tne j^tivo 
pole it is even geU*yellow« The phenomenon^ however^ ia most 
perfect with concentrated snlphunc add ; not one of the liquids 
which I ezamined showed the Uue disc on its surface under* 
neath the positive pole ao great and clear> and beautifully 
coloured. All the above-mentioned phnnomena are more folly 
developed when the experimenta are made in air rarefied to about 
8 inches of mercury pressure. 

No chemical decomposition can be seen in any of the above 
cases when both poles send sparks to the Uquid. If, however, 
sparks are allowed to issue from one wire only, and the other is 
held immersed, a decomposition is immediately visible at the 
latter, and it is quite indifferent wluch pole is immersed, and 
firom which sparks arc emitted. This remarkable decomposi- 
tion at a single actual electrode is certainly weak, but I have 
distinctly observed it with dilute acids, and still more distinctly 
with concentrated sulphuric acid. 

With a solution of iodide of potassium the action is different, 
for it is decomposed even when sparks fall upon it from both 
poles ; consequently when there are no real electrodes. Whether 
nitrie aeid or ozone is thereby formed, may remain at present 
undiscussed. 

If a piece of hlotting-paper be moistened with this solution, 
put in contact with the negative pole, and the positive pole 
be bronglit sufficiently Ticai, a brown spot will immediately 
make its nppearance underneath the latter, and the positive 
stream ot" sparks will have a brownish colour inilil<e the violet 
colour of the vapour of iodine. Underneath the negative pole 
no colour is visible, l^ut if, on the contrary, the paper be 
touched by the ]]usitive pult; and receive sparks iiom the nega- 
tive, a brown colour will be perceptible underneath both, though 
much weaker uuderneath the latter. Souitihing similar ia 
observed when the negative pole is connected with the earth, 
and a piece of moist iodide of potassium paper is held opposite 
the positive pole only. 

Paper and sparks have then a brown colour. If sparks are 
allowed to strike upon the paper from both poles, a brownish 
colour will generally be pLrucpLiljli luiderncath both, but always 
weaker under the negative than under the positive. 

If ^e two moist places upon the paper whidi are struck by 
the sparks be separated by a dry part of small breadth, sparkis 
win also spring over the ktter. 

K2 
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A piece of paper saturated with nitrate of silver, perchloride 
of platinum or perchloride of gold^ is coloured brown under- 
neath the positive stream of sparks. With perchloride of gold 
and perchloride of platinum the sparks themselves have^a brown 
eoloor. 

Underneath them ihe paper begins to smoke, it soon dries^ 
and now a hole is homed through it, which, glimmering like a 
fusee at the edges, rapidly increases in sise. Brown filaments 
rise firom the paper, attach themselves to the wire, and form 
a kind of beard around the same. Underneath the negative 
stream of sparks these phienomena do not manifest themselves, 
but a dark spot is there formed, which evidently consists of 
reduced metal. 

The e^ts of the induction cunrent are now described. The 
reason whv that current is only active which is produced by 
breaking the inducing current, and why the other, generated by 
closing the same, has no action and does not possess the re- 
quisite tension to break through so thin a stratum of air, is 
simply to be sought in the fact, that by closing the current a 
complete conducting circuit is formed, which, like all continuous 
metallic circuits surrounding the induction coil internally or 
ezteniaUy, is unfavourable to the development and the duration 
of the current induced tlierein. 

Good conducting liquids, like those of a galvanic circuit are 
in this respect not different from metals. Of this it is easy 
to arrive at a conviction if the primary coil possesses two wires. 
When the galvanic current is sent through one of these wires 
only, and the other is connected with a pair of metallic plates, the 
development of sparks by the induction coil is imnu diatcly sit*- 
pcndcd when these plates are immersed in dilute sulphuric 
acid*. 

UiuIlt ordinary circumstances, when the current is broken, 
the destruction of the closed circuit itself reinovcs this im- 
pediment, and nothing impedes the full development of the 
current in the induction coil^ cnnscqucnt upon this act, except 
what may be termed an accumulation of electricity at the ends of 
t^e interrupted inducing current, as well as a similar accumuia- 

* For the same letson a fonner exporiment of mine fisled, I then «^ 
tempted to generate a strong iuduetion enrrent by oontmnally leveniog 

the magnetization of the solt iron core of the a})])anitus. It is easy to 
produce this reversion without intciTuption. For this ])nr]iuse it is ouiy 
necessary to keep one wire of the primary coil cuutumaUy connected with 
one galvanie element, and to connect the other, in oppodte duectkm, wtlh 
u hattery ccmtisting of two such elements, and continiudly interrupted bv a 
Netf > lirimmer. This combination, however, did not i)rocluce tlie inteudcd 
result, bi < ;i!ise within the induction coil a circuit doted by a good con- 
ducting liquid was always present. 
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tion at the ends of the induction wire : both arc produced by 
the resistance which tlic air opposes to the passage oi" electricity. 

The first-nii ntioiH (1 accumulation is now prevented by Fi- 
'/ean's hci])|)\ idea of employing a condenser, fur by it the accu- 
mulated electricities can iiow quickly out of the inducing wire^ 
without a closed circuit being foraied. 

The quantity of cli ( tricity in the induction wire is not in- 
creased by the condenser. This h easily shown by closing the 
induction circuit after introdurin«x a magnetometer into the same. 
The deviations wliich arc obtained in the latter instrument at 
each time of o])iniii:;- and closing the inducing current are not 
only equal to one another^ but arc as great without the cundeuser 
as with it*. 

The generation of fleet nciiy m the induction wire at the 
moment of breaking the niducmi: current is, however, accelerated 
by means of the condenser, and consequently the tension of the 

* From the following considerations it is well known that the equality 
of the* qnftntities of (.'Icctricity whicli are genuratod mny he roncludetl from 
the equahty here mentioued. If, at one ttme^i thruugli a section of the 
wire, a quantity of electricity eqiud to unity passes in tne unit uf time, so 
that an intensity of ciurrent and a deviation, <4u^ e^iial to unity, are ob- 
tained ; and if, at another time, the unit of electricity passes through the 
same "ortion in ten units of time, the intensity of rnrrent will )io oqnal to 
one-tt.'iifi, and consequently the deviation in the nnit of tinu will l»e otie- 
tenih i therefore in the whole time it will he =10 x|j, that is, iL will be 
a«in a:l; provided, of course (which has heen assumed thiroughout), 
tnat the whole time of passage is so small in comparison to the time of 
oscillation of a magnetic needle that the single inipuUos will strike the 
needle in about the same situation, that is to say, not fur distant Ixom its 
position of re^it. 

It is otherwise with the quantities of heat which are developed at the 
opening and closing of the circuit ; inasmnch as these are proportional to 
the squares of the intensities of the conent, and not (like the deviations) 
directly proportional to the same, we cannot conclude the equality of the 
quantities ot heat from the equality of the quantities* of electricity which are 

feuerated, uule^is the times m which the^ are generated are also equal, 
'or example, if at one time through a certain section the vnU of electricity 
passes in the unit of time, so that an intensity of ciurent and a quantity of 
heat, each equal to t//i//y, arc ohtaincd; and if at another time through the 
same section the unit of electricity passes in the time ten, then the inten- 
sity of current will be equal to one-tenthf consequently the quantity of 
heat generated in the unit of time will he ^t^u* the whole time of 
passage will be =lO-t^=iV, therefore it will be ten times smaller; that 
IS, inversely proportional to the time of passage. 

TTfTice, if the equality of the quantities of electricity which nrf generated 
be proved by means of the magnetometer, the relation between the times 
of generation may be determined by means of the electric thermometer. 
Instead of the Istter instrument, the eleetric dynamometer, which W, 
Weber has ahready employed for sneh determinations (Po^. Jnn . vol . Ixxiii. 
p. 21 5 f, could be used. Even a galvanometer with a soft iron needle would 
detennme, approximately, the duration of the times of generation. 
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generated electricity is thereby increased. Hence a pole of thr un- 
connected induction current acts upon the electrometer at a much 
greater distance when the condenser is cm])loyed than when it 
is not. From this it follows, that when the ends or pules of the 
induction wire arc separated by a certain tiiirkness of air, the 
sparks winch break through it are increased in iiuuiber when a 
condenser is employed; indeed, many sparks appear when this 
distance between the poles is so great, that, without a condenser, 
not a single one would be visible. The condenser, therefore, 
actually increases that jjait of the electricities which equalize 
themselves at the poles, or arc set in circulation, when the induc- 
tion wire is interrupted by air. 

This is also proved by the galvanometric deviation, which, 
under these circumstances^ is increased ; wbilat, aa has before 
been mentionedi it is not dianged by the oondenser when the 
metellic continitit^ of the wire is nnhvokeii. It is also proved 
by the decomposition of water which is effected by the indnetioii 
current when oroken by air j ht this action is ano inereaaed by 
the condenser. 

What has here been said of tensions, sparks, deviations, and 
deeompositionsj b also true of the physiological actionsj— of the 
shocks which are received when pmrt of the body is introduced 
into the circuit. These are also inereased by the condenser. 
Not only is the action of the external ixr actual induction conent 
more intense, but that of the inner or extra current is also in- 
creased. I have convinced myself of this in several ways, the 
least painful of which was the following. Two platinum platoe 
were placed in spring-water, and connected either with the poles 
of the induction coil or with the hammer on each side of the 
point of interruption. If the finger be immersed in the water 
between the plates, the effect of introducing the condenser can 
be obi^crved without pain. The action is increased with the 
quantity of the current^ as Faraday terms it. With the thin 
induction wire the action is exceedingly weak, stronger with the 
thick induction wire, and most sensible srith the still thicker 
wire of the extra current. 

These experiments induce me to believe that for most of, if not 
for all, the medical applications whieli are now so frequently made 
of the apparatus, the induction coil is quite superfiaous, for the 
extra current can easily be made SO strong that uo patient would 
be able to bear its effects. 

Certain it is that the action of thecomlenser i^ ^strengthening 
0)i1v when, between the poles, there is a resistiiiice to overcome. 
The more this resistance is diminished the less the action of the 
condenser. On this aeennnt its action is much stronger with 
sparks in ^e air than with the lummous phsenomena in the 
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electric egg. The more the latter is exhausted the less the effect 
of the condenser, wliich effect disappears altogether (as iu me- 
tallic contact) when the exhaustion is carried to a line, or less, 
of mercury pressure ; piovulcd only that the induction current 
itaelf is suflicientlv intense. For a similar reason an induction 
coil which possesses a short wire produces much weaker sparks 
in free air than one with a long wire ; wiiereas with the former 
the luminous phaenomenii in a well-exhausted electiic egg are 
very little less developed ihaa with the latter. I observed this 
with the induction wire only 1200 feet long. 

Fizeau does not appear to have thoroughly understood the 
action of the condenser. Amongst other things, in order to 
explain the action of the instrument, he only considers a single 
interruption of the inducing current, consequently only a single 
charge of the condenser^ and never mentions what further occurs. 
But it is evidiDt, in order that the ri)iulenser may continue to 
serve its purpose, it must be discharged bt tui t every interruption 
of the current ; and this actually takes place every time the cir- 
cuit is closed after it has been broken. At both these times 
sparks arc visible ; in fact, when a condenser is employed, Neefs 
hammer occasions a double series of sparks, which, although they 
cannot be separated by the eye, owing to their quick succession, 
are nevertheless distinguishahte in character. The spark, on 
breakuig contact, is always weakened by the euiidi n<cr, and the 
degree in which it is so weakened may be considcn d :is a mea- 
sure of the condenser's action*; but the spark caused by its 
discharge is proportionally strengthened. 

Thus it appears, that, by the addition of a condenser, the 
lumiiioui, p/iHuoinena at tlie hammer are, accoidmg to circum- 
stances, apparently unchmiged, increased, or diininished. For 
example, when a double wue aruund the ]u-inmry coil was em- 
ployed, together with a soft iron core, and a batter)' of two of 
Grove's elements, the introduction of the 8-feet condenser caused 
the luminous phaiuomenon at the hammer to decrease ; with the 
2-feet condenser it was, on the contrary, increased, without any 
particular change in the sparks of the induction coil being per- 
ceptible in the two cases. By employing one of Grove's elements, 
with which the sparks at the hammer arc always weak, and are 
still fiirtlii r wL ikened by the condenser, the discharge sparks 
are scaiTcly pert( ptible, although they can be //t'^r^, and by their 
irregular and somewhat sonorous stroke they can be easily distin- 

* When the metallic cuntinuity of the iuduction circuit ii unUroken, 
Hhm ipferin at the hmmet are alwrnys etaiidenibly dhniiiiihsd. Even when 
the indaetion cireoit u intennpteu by a rtntum of air so thin that the in- 
duction sparks fonn acontiniiouB linfl^ the sparks at the hanuner are^always 

diminished. 
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guished from the regular beat of the hammer. On the oontrary^ 
employing a strong galvanic current, these qiarks are qoite 
▼udble ; they are more steady than the interruption sparks, emit 
a very dear H^ht, throw oat smaller sparks^ and, with conden- 
sers of small dinicnnonB^ assume the appearance of a small flame 
breaking forth from under the hammer. This is a consequence 
of the great intensity of the current, which has also tne effect of 
fusing the platinum extremity of the hammer, even when tl^ 
same is 1 millim. thick, and soldering it to the anvii, so that the 
action of the instrument is arrested luiless the small electro- 
magnet has sufficient power to overcome the solder. The latter 
always occurred when a current from one of Grove's elements 
was conducted through the wire 400 feet long and two-thirds of 
a millim. thick. 

Riess found that this fusion could be avoided by using a long, 
thin, German silver wire to connect the condenser witli tlie 
hammer, and thus throwing a body of great resistance, into the 
circuit. The discharge sparks, however, are thereby merely 
weakened; they can still be observed by employing the current 
from a battery of two elements, even wlien 120 or 130 inches of 
German silver wire, 0''A5 nullim. in thickness, are introduced 
between the condenser and the hammer by means of the rheo- 
chord, and it i« at the same time indifTerent whether the current 
traverses the wires of the prunai'y coil side by side or one after 
the oilier. 

Further, the action of the condenser upon the induction cur- 
rent is weakened by so great a length of German silver wire, as 
may be best seen by the luminous })h:enomcna in the electric 
egg. This is most perceptible when the wires of the primary 
coil arc traversed side by side ; when they arc arranged one after 
the other, no diminution in the action can be detected, even 
when 150 inches of Gennan silver wire are used. In the latter 
case, however, where the interru])tion at the hammer is scarcely 
perceptible, the Inniinous pliienomenon in the egg is, without a 
condenser, somewhat different to what it is in the first case ; it 
is more compact, and more like that which is caused by the ad- 
dition of a condenser. 

The intemiption sparks as well as the discharge sparks attack 
the hammer strongly, and pulvoizethe parts which beat against 
one another to a bkek powder. It is a remarkable fact, which 
has vever ^et been sufficiently reconciled with the action of a 
pure voltaic current, that here, where an induction current (an 
extra current) also acts, the negative pole is most heated^ and 
that a transfer of platinum from this to the positive pole is the 
consequence. If the plaimm end of tlie hammer be connected 
with the mgatm or zine pole of the battery, and the tongue with 
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the positive or platinum pole, the first only will wear away ; and 
on the plate of the tongue an eminence of fused platinum will 
be formed, so that in time the platinum end of the hammer and 
the ton(/ue touch one another. I always adopted this kind of 
connexion, because it is much easier to replace the platinum end 
and file the eminence down, than to fill up the holes which^ in 
the o})po8ite case, would be burnt into the plate. 

Fizcau has already remarked, that the condenser may, to a 
certain extent, be replaced by a wire of sufficient intensity con- 
necting the vibrating parts of the hammer. I have tested this 
substitute and found it to be but an imperfect one, probably 
because the circuit always remains closed. On this account I 
was led to the construction of the hammer before described, by 
means of which the interruptions of the current can be effected 
witliin a hquid. In order to study the action of this instru- 
ment, several liquids of very different conducting powers were 
employed, — dilute sulphuric acid, spring water, alcohol of 0*863 
spec, yrav., and oil of turpentine. With sulphuric flcirfthe instru-* 
ment had no strengthening influence whatever upon the induc- 
tion current, and that clearly on account of its great condueti- 
bility, which had also the effect of producing a copious decom- 
position of water even when only a single Grove's element was 
employed, and thereby causing hydrogen, in accordance with the 
direction of the current, to be liberated at the pin in connexion 
with the zinc. With oil of turpentine it had also no effect, and 
evidently for an opposite reason, viz. the complete absence of 
conductibility. On the contrary, with alcohol, with spring water, 
and particularly with distilled ivater, the instrument had a strong 
action, though still inferior to that of the condenser. It was 
interesting to see how a single drop of water, placed between the 
vibrating jjarts of the current-breaker, innnediately caused a 
vivid stream of sparks between the points of the discharger, 
even when the distance between these points was so great, that, 
without the drop, not a single spark would have appeared. 
"Water, alcohol, and oil of turpentine, however, all suffer decom- 
position between the parts of the current-breaker. \\ iiii water 
this decomposition is electrolytic, with oil of turpentine it is 
electro-thermic (so termed by me in a memoir published in 
1847*), that is, it is produced hy the heat of the interruption 
spark ; and lastly, with alcohol the decomposition is a mixture 
of both the former. 

The superiority of the condenser, when compared with any of 
the above liquids, is best proved by combining it with the cur- 
rent-breaker when it is playing in water, alcohol, or oil of tur- 
pentine ; a strong stream of sparks is immediately produced 
* Poggendorff 's Annalen, vol. xciv. 
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between the poles of the induf tuHi wire, apparently just a.s strong 
as when the current-brrMkcr ^\ ()rk^ in air. This eombination is 
further interesting, because it iurnishes an opportunity oi" mure 
minutely observnnp: the discharge sparks. They are here parti- 
cularly strong and brilliiuit; they spurt and hiss, particularly in 
alcohol and oil of turpentine, and they pulverize the platinuni to 
a black powder, so that in a few muinents the liquid has just the 
appearance ot ink. The last also takes place without a condenser, 
but much more slowly and less intensely. 

TkM eoH.'^Iniemipiian o/Mt Induetian Current ^ Intukien. 

When a glass plate is placed across the stream of sparks pass- 
ing between the poles of the apparatus^ it almost entirely causes 
thdr cessation, provided that the poles consist of wires more or 
less pointed at tneir extremities. It is otherwise when the poles 
consist of plates. For example, if a square copper plate con- 
nected with one of the poles be placed npon tiie table and covered 
with a glass plate ; ana if nnon the latter a second, smaller, ronnd 
copper plate, connected witn the other pole, he placed, a durable, 
loud, crackling noise will be heard as soon as the apparatus is 
set in activity; and if the experiment be made in the dark, the 
small round disc will appear surrounded by a halo of electrie 
light, consisting of an iunumerable number of small sparks in 
unceasing motion. The smaller the round plate, the broader 
the halo. On the lower great plate, which in this case was 8 
indies sauare, no illumination was visible, although the glass plate 
projected more than half an inch over it on each side. It is of 
no importance with which pole the one or the other plate may 
be connected ; it is always the smaller of the two around whose 
edges the halo is visible. If the latter be moved about over the 
surface of the class plate, so that only a part of it remains ver- 
tically above the lower metal plate, it is only this part which is 
surrounded by sparks. If both metal plates are of the same 
sise, and the upper one is placed exactly above the lower one, no 
halo is visible, when viewed from one side, however, it is evi- 
dent, from the illuminated parts where the metal is accidentally 
not in perfect contact with the ghiss, that from both plates in- 
numerable small s])arks j)ass vertically to t}ie glass. 

Instead of one ^]\\'^^ p1atr, a number of such can be placed 
between the metals. I tuok live, whose total thickness amounted 
to half an inch, and a rim of sparks was always visible around 
the upper circular plate. This riui was eertniuly not so brilliant 
as with a single glass plate; but, on the other hand, with five 
plates the limit was not reached at which the halo completely 
disappeared. To increase the number of glass plates, however, 
seemed the more unnecessary, as the distance of half an inch 
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was already considerably c^rcater than that at which sparks would 
pass betwt'fn the nietal plates when they werealoue in air with- 
out the intervention of g:las8. 

Tilt' influence of the glass in transmittinsjthe action of induced 
elect li city was consequently plainly proved. The follovvinfr cx- 
pd iiiiciits will fumisn additional evidence of this. The upper 
round copper j)late was kept insulated, and held at a distance of 
7 millims. from the lower plate on the table. Now and then a 
single, broad, short spark darted across where the distance be- 
tween them was least, for without great care the upper plate 
could not be placed exactly parallel to the lower one. 

A glass plate, 4 nullims. thick, was now placed upon the lower 
metal. Immediately a perfect shower of small sparii^ tell from 
the upper plate upon the glass. This change in the nature of 
the sparks did not, as one miirht imagine, arise from the fact 
that the distance was now diminished to 3 millims. ; for when 
the lower system was inverted, i. e. when the glass plate was 
laid upon the table and covered with the copperplate, the sparks 
between the latter and the upper plate were again of the same 
kind as before, although, of course, smaUer and more frequent 
than at the original distance of 7 millims. 

The above-mentioned change^ therefore, is an effect of the 
glass ; and this is also evident when the latter does not at all 
touch the metsls, but is held in free air between thtm. Small 
sparks axe seen to spring from both metal plates towards the 
glass, at distances where, in absence of the latter, no sparks 
would appear. 

The same e&cts are produced when other insulating substances 
are used instead of glass, e, g, plates of marble, gutta-percha, 
broad columns of liquids, such as distilled water, alcohol, or oil 
of turpentine, enclosed between glass olates. Ilie electrometer 
proves that in all these cases the insulating substance receives 
no, or only a very weak and indefinite, permanent charge. 

A pointed copper wire was now suDstituted for the small, 
round, copper plate, and, like it, connected with one pole df the 
induction coil. AVhen held at a distance above the greater plate, 
the point of this wire appeared lumino\is in the dark ; the weaker, 
of course, the greater the distance. With the power employed 
by me in all these experiments, viz. that of two of Grove's ele- 
ments in combination with the shorter of my induction wires, 
the luminosity at the distance of 2 inches was so weak that it 
was scarcely perceptible. If now, when the wire is held at thia 
limiting distance, the above-mentioned system of glass plates, 
half an inch in thickness, be laid upon the lower plate, the lumi- 
nosity of the point will immediately be again distinctly visible; 
it increases the nearer the point approaches the glass, until, at a 
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distance of a few lines, a stream of unbn^en weak ^arks de- 
scends. If the point is made to approach still nearer, until it is 
about a quarter of a line distant, the sparks will not only be 
clearer, but will disappear in all directions upon the glass, thereby 
forming a vein-like figure, similar to that oi Lichtenberg's^ with 
positive electricity. No difference could be observed in the form 
of this figure when the point was either positive or negative, 
except, perhaps, that with a positive point the figure appesred a 
little larger. Of course it is more perfect and beautiAd when 
the copper plate is covered with ane thin glass plate instead of 
with Jive. It may also be remarked, that even when both poles 
of the induction coil are pointed, the action is not altogether 
interrupted hy the intervention of a glass plate. On the con* 
trary, the points appear luminous in the dark, and emit phos- 
phorescent sparks. In air rarefied to about 6 or 8 inches of 
mercury pressure, the vein-like figure appears well developed 
on both sides of the plate, the rays being more than an inch lon^. 
By further rarefaction the usual phaenomenon occurs, the posi- 
tive flame curves itself around the glass and forms a brilliant 
luminous arch* 

It is interesting and instrnctive to examine these phtenomena 

in their reaction on the induction current. 

When two glass plates, about a square foot in magnitude, 
arc each coated on one side with tinfoil and placed with their 
uncoatcd sides in contact, and the coatings afterwards put ui 
rnnnexion with the poles of the iuductioi! roil, a roiitiniKuis 
crackling noise is henrrl sfi loiiij: as the np[}aratus is m activity, 
and in the dark thi whiAc mteruiediatr space between the plates, 
as far as tlic couUu^s extend, is seen to be filled with innu- 
merable microscopic sparks. A ])iece of iodide of potassium 
paper placed between the plates is coloured brown, on each side 
equally. If the systeiti is withdrawn from the apparatus dunng 
its activity, and tWn tested, by means of the wire connecting one 
coating, for a charge, a very weak one will sometimes be detected, 
though ofteuer none whatever. This is equally the case whether 
the poles have actually touciied the coatings, or whether they 
have been separated from them by a small stratum of air, so that 
sparks might pass frum them. It is exactly the same with a 
Leyden jar. In both cases it will either receive no charge at all 
or uiily a very small one, however long it luay have been exposed 
to the current. K\ en when sparks arc taken from one pole upon 
the knob of the jar, whilst the outer coating and the other pole 
arc connected with the earth, it scarcely receives any charge at all* 

If, however, whilst the apparatus is in activity, and its poles 
are either connected with the coatings of the jar or send sparks 
to them, a wire be connected with one coating and held suffi- 
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ciently near to tlic other, broad, loud sparks will be obtained^ 
which far surpass the thin induction sparks in splendour and 
strength, although they are inferior to them in length. This 
difference in the sparks is most perceptible when the poles are 
within the spark-oiBtanoe from the coatings; three series of 
sparks are then obtained, of whieh two charge the jar and one 
discharges it. It is evident that charges and discharges are here 
only apparently simultaneoos ; actually, they follow one another 
at intervals too small to be recognised by the eye*. 

A cnrious modification can he made in the experiment, by 
connecting the discharging wire not immediately with the coat- 
ings of the jar, but at anv p|oints of 
the wires which connect the jar widi 
the poles. Let P and N in the ad- 
joining figure be the poles of the 
induction coil PN, a and ^ be the 
coatings of the jar, and Tb and Na 
the wires connecting the sanie with 
the poles; the dischai^^ing wires can 
be connected at any points ce of these 

latter wires; indeed they may proceed from the poles P and N 
themselves, and the intense discharge spsrk will be obtained at 
the point of interruption dd. But, of course, these sparks will 
he weaker the longer the paths aed and bed, or, more correctly, 
the more resistance these paths oppose. If wires arc here in> 
serted which are equal in length or resistance to the induction 
wire itself, then all difference between the discharge sparks and 
the induction sparks vanishes. Caieris paribus, the discharge 
sparks are stronger the more powerful the battery and the 
smaller the charged surfaces, as might be predictea from the 
former experiments of Eiess with jars laden by the electrical 
machiuc. 

With rcspeft to the reason why the indnction current fails 
permanently to charge a Leyden jar, even when the former acts 
only by means of sparks, I was at first inclined to bilicve that, 
in consequence of a transmittinu ac t ion of the ^ilass^ a discharjxe 
took place ; the phainomena with the glass plates coated on one 
side seemed favourable to this opinion, T have since convinced 
myself, however, tliat the cause is ratlier to be sought in the fact, 
that, under all circumstances, even when no second connexion is 
present, the jar is always discharged again by the iaUuetion wire 

* This ol)scn Htif)ii wan communicated by nie to the Berlin Acn(lem^^ on 
the 7th of December, atter I had communicated it some weeks iireviou^i to 
A tew friendt. Since ^ben. the phenomenon has been dcscribea by GroTe 
iu the January Number of the Philosophical Magazine. During the pub- 
lication of tiie present memoir, I have also learned thit it WM kaowa to a 
few persoiu in Berlin as early as last summer. 
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Itself. The proof of this Iim in the &ct| thit the enimt of 
the indoction wiie always pastes to and fro, even when iU poks 
do not toneh the eoatingSy hut send narks to them aeroas a 
stratam of air; in the latter case, indeedt i^ current con- 
sequent upon breaking the inducing ouirent which alone oscil- 
lates. If behind the L^den jar or the coated glass plates, a gal- 
▼anometer he introduced into the circuit, no deviation is obtained ; 
whereas this never fails when tlie induction current is simpfy 
interrupted bv a thickness of air across which sparks can ]»iss*. 

This to-and-fro motion of the current is still mors perceptibly 
and beautifully shown by means of the electric egg. So long as 
* it is alone in the circuity the knob connected with the negative 
pole is the only one which is sorrounded by the well-known 
beautiful blue light ; but as soon as the Leyden jar or the coated 
glass plates arc also introduced into the circuit, both knobs ap- 
pear blue, and when the vacuum is tolerably good, the positive 
flame is also visible above the blue light ; not, of course, because 
two o])posite currents simultaneously traverse the partial vacuum, 
but because they follow one another at such sliort intervals o| 
time that the vyv is no longer sensible of the eliangeisi . 

Insulatitii: litjuids, «uc]i as oil of turpcutiuc, whm ])laLrJ be- 
tween platmum plates and introduced into the curcuit, produce 
the same effects as the Leyden jar. 

The expciiiiH iits with the egg are very instructive, especially 
when a second circuit also exists. When it is introduced into 
the primary circuit Pc or Ne, or into the branch cc at the point 
dd, only one knob is blue. AVhen it is introduced iu fa or c^, both 
knobs aic covered with the blue light. 

It is worthy of meiiti<m, that the jar ah has no influence upon 
the luminous pha ntnuenun ni the branch cc, provided the egg be 
well exhausted, and the induction current itself be sufficiently 
intense, li air is nllowed to enter, however, or if the intensity 
of the current is duiiinished, by substituting a long for a short 
induction wire or by dispensing with the condenser, then 
introduction of the jar at ab augments the luminous pliscnonicnuii 
at iUl, tlioiiL'li m a mui li less degree than with sparks in free air. 

* \i, liistciul of the coatcil ghws plates, an oiJed silk coutknier it intru- 
du€€Hl into tiie iuductioQ circuit;, a coutiiiuous crackling is heard, but at the 
nine tiBM a stvong deviatUm it obtained when a galvanometer is also intro- 
duced. The crackling in this case, therefore, is caused by an actual 

fRyi«n?o of flectricitv. bv the brcHkinc t}iron«^h of sparks. At fir«:t, nhen 
employed a condenser whose coated i^urfaces were separated from one 
anutlier by a double la^er of paper, covered on each side with amber 
Taraiah, I obtained the phsenomena of the glass plates. 

t As Rieas baa already shown (Pogg. Jfmi. vol. xci. p. 290), the same 
optical illusion is obtained when, by mcann of the pin already described 
(Phil. 3Ia^. vol. X. p. f)), the ^'ah nnic current is made to traveirte the inr 
ducing ^\ire altcruatci) in opposite dutctiuDS. 
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Misted Com, 

By mixed cases I understand those wherein a branched com- 
inunication exists between the poles of the induction wire, and 
where each brancli ju t sents one of the before-mentioned cases. 
AVe have just tonsulered a combination of the second and third 
cases, wherein one branch was niterrupted 1)V air, and the other 
contained an insulating body. A combinatiuu of the iirst and 
third does not appear to promise much interest ; consequently 
with two branches only, we hav e but to^consider the combination 
of the first and second cases. 

When cc is an unbroken metallic circuit, and instead of 
the jar a well-exliausted egg is introduced at ab, no light ap- 
pears in the latter as long as the wire presents a less resist- 
ance. If the resistance be increased, however, either by using 
a longer or a thinner wire, the current divides itself between 
both circuits, and the egg becomes liiininous. In general 
this division evidently takes place according to the same laws 
wluch hold for the galvanic current, and doubtless if tlie resist- 
ances in the primary and branch circuits, as well as the electro- 
motive force of the induction were known, the intensity of the 
induction current in both branches could be expressed by the 
same or similar formulae to those used in fralvanism. The phse- 
Qomenaare here more complu aicd, merely because the induction 
apparatus furnishes two alternating currents of opposite direc- 
tions, of which one has not the power of passing through the 
^g. Through the y)riinar\' circuit Pc or Nc both currents pass 
alternalLly and witli equal intensity; through ca, be the cun-ent 
at breaking contact alone passes; and again, through cc both 
currents pass, but with unequal intensities, for the current at 
closing is greater than the current at breaking cont;ict, In cause 
n part of the latter has passed along ca, be. Hence, \\ hcn the 
galvanometer is introduced into Vc or Nc, no deviation (or an 
ambiguous one when the current is sufiieiently intense) ifl 
obtained ; in cb or ca a deviation conciponding to the current 
at breaking contact is found ; and in cc tlie deviation o^jjjusite 
to this, corresponding to the current at making contact, 'i bese 
phaiiomeiia were veiy disimct when one of the 10,000-feet 
wires was employed to generate the induction current, and the 
other to make the branch cc. They were also evident, though 
accompanied with far less light in the egg, when cc cousiated of 
the wire 1200 feet long and 0 25 uuiiim. thick. 

Many very instnictive experiments can be made with two or 
ame matramentai of which the foUowmg may be mentioned. 
The induction current can be excited m one a|i|>iuratus and 
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conducted through the coils of the other, in order to study the 
inducnce of increased resistance upon tlic sparks and luminous 
phaeuomenu in general. For this purpose I conducted the cun eut 
of the shorter of my induction wires through the 20,000 feet of 
wire in the other two coils. The sparks were smaller and less 
brilliant^ bat there was no perceptible diminution in the distance 
at which aparks could be obtained* The additional intiodaction 
of twelve beakera lull of water^ and connected by platinam arches^ 
did not alter thia reault. 

This corresponds perfectlv with similar phenomena in frictioDal 
electricity^ formerly studied by Riess. Neverthdess^ aa far as 
my own experiments are concerned^ I am inclined to doubt 
whether the tenaion is the same at all points of the long and 
well-insulated wire circuit ; for when I loosened one end of this 
eireuit from the active induction coilj and by means of another 
wire, led it alongside the other end of the circnit near to the 
pole with which it was still connected, sparks were ^ble 
between them when the other pole was connected with the earth. 



The instruments can be connected alongside one another, or 
one befm the other, in order to study the influence of the thick- 
ness and length of the wire. 

I had here an opportunity of testing an assertion of Masson's. 
This physicist statn that when two induction instruments are 
placed alongside one another, but in opposite directions, and are 
thus connected with the electric egg, both electric lights^ the blue 
glimmering light and the positive ilame, are aimultaneoualy aeen 
upon each knob*. From this he arrives at the strange conclu- 
sion, that rarefied air possesses the property of simultaneously 
conducting two electric currents of opposite directions. I ob- 
tained a diflferent and far more natural result, viz. that under 
the circumstances no light whatever is visible. Masson was 
probably led to his conclusion by allowing two complete instru- 
ments to work against one another, and it is more than probable 
that tlie strokes of the hammers of both instninicnts were not 
exactly isochronous and synclmmous. The ])li;riioineiif)u observed 
by him would then be a natural consequence. Sucli could not 
be the case in my experiment, for the inducing wires of both 
coils formed, one after ihc other, a single circuit, whlbh was 
broken by a 6iugie hammer. 

In conclusion I will notice a combination, the experiments 
with which are calculated to turnish indications relative to the 
construction ui' sueli ajtpnrat iis. 

Two instruments, A and li, were so combined that the current 
* Comjit€6 Hendus, vol. xxxvi. p. 256, auU vol. x&xvii. p. 849. 
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traversed the two primary c uls unc after the other, the induction 
coils, however, were sejjaratc, ami A was allowed to give sparks, 
whilst B reaiamed unclosed, and witliout a soft iron core; the 
introduction of the latter into B weakened the sparks of A, and 
the Ruhsequcnt metallic closing of B reproduced their former 
strength. From this it follows that two complete instruments, 
combined om' ut'iLi tlin other, niutually disturb one another, and 
the total cticct is not equal to the sum of the effects which each 
would produce with the same intensity of galvanic current. 

Further, if the above experiment be modified so that the 
curreut trayenes the primary coils of A and B placed alongt^ide 
one anoULer^ then the insertian of the soft iron core into B 
mcretuei the Bparks of A, and the subsequent metallic closing of 
B again dmiroyt this inetease. 

HeneOj when many indaction coOs are connected one after the 
other, so as to form a single coil^ it is advisable to allow the cur- 
lent to traverse the primary coils of these instniments sufe by ndim 

With respect to the cause of these phsenomena, it is no doubt 
to be sought in the extra or inner induction current. The outer 
induction current^ with whidi we are at present solely eonoemed 
and which is produced by breaking the inducing curresit^ has the 
same direction as the latter ; whereas the extra current which is 
at the same time excited in the inducing circuit, devdopea a 
contrary current in the induction wire, whose toidency is to 
weaken the first induction current, and the more so the stronger 
the extra current, which latter is especiaUy strengthened by the 
soft iron core. 

Consequently, when the primary coils of A and B are con- 
nected one after the other, it is clear that the. insertion of the 
soft iron core into that of B will strengthen the extra current in 
that of A, and therefore weaken the induction current of the 
latter inatrument. 

By connecting the inatruments side 6y tide, a closed circle is 
at once formed by them, and the extra current produced by the 
insertion of the soft iron core into B acts against that in A, and 
may therefore, when both are equal, completely neutralize it, 
when the outer induction current of A will be uecessarily 
streT(irt]ir!iefl. M'itliout tlic circle formed by this combination, 
t. e. in tiic w ire leading Ijack to the voltaic battery, the two extra 
cum'Tit?^ art, of course, in the same direction and strengthen one 
another, in consequence of which the aparks at the curreut* 
breaker are still very active. 

By the metallic closing of B, the action of its soft iron core 
only will be neutralized. Metallic coverings act similarly, tliough 
under certain circumstances they may idso act in an opposite 
manner. 

FhU: Mag. S. 4. Vol. 10. No. 64. Avg. 1855. L 
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XYIII. Proceedif^g of Learned Secietiee. 

ftOTAL tOQIITY. 

[CoMtinirad fton p. ^ »'\ 
April 36, 1855. — Sir Benjamin Brodie, Bart, V.P., in the Chair. 

THE following papers were read : — 
** Borne Observations on the Ova of the Salmon, in relation to 
the distribution of Species ; in a letter addressed to Charlee Darwio« 
B«i.. M.A., V.P.R.S. &e." By John Dwj, M.Dm F.R.S8. Load.- 
ftSdiab. 

In this paper th« author deseribes • aeriw of experiments on tSkm 
oTa of the ^SaloMm* ovwie witli the intent of aioertaining their power 

of endurance under a variety of circumstances without loss of life, 
with the expectation suggested by Mr. Darwin, that the results might 
possibly tiirow some light on the geographical distribution of fishes. 

The details of the experiments are given in five sections. The 
results obtained were the foiluwing 

* 1 . That the ova of the Salmon m their advanced stage can be ex- 
posed only for a short time to tlie ahr if dry, at ordlnaiy tenpeni- 
tures, without loss of Ufa ; but for a oonsiderable time, if the tempo* 
lature be low* and if the air be moist ; the limit in the former case 
not bafing iKeoedfld an hour» whilst in the latter it haa exoeedad 
many hour?". 

2. That the vitality of the ova was as well preserved in air satu- 
rated with rooisturci as it would hove been had they been m water, 

3. That the ova may be included in ice without loss of vitality, 
provided the temperature is out au low ob to freeze ihem. 

4. That the ova, and also the fry recently prodoced, can bear for 
some time a temperature of about 80^ or 82° in water, without 
materially suffBring; but not without loss of fife, if raised above 84^ 
or 85**. 

5. lliat the ova and young fry are speedily killed by a solution 
of common stilt nearly of the specific gravity of sen-water, W* 1026; 
and also by a weaker solution of specific nra\ ity 101 

Finally, in reference to the inquiry regarding tiie distribution of 
the species of fishes, he expresses his belief that some of the results 
may be of useful application, especially those ^iven in the t:ecuud 
and third sectious ; inferring, that as in moist air, the vitality of the 
ova is capable of being lung sustained, they may during rain or log 
be conveyed from one river or lake to another adhering to some part 
of an animal, such as a Heron or Otter, and also during a time of 
snow or fro^t ; and, further, that other of the results may be useful 
towards determining the fittest age of ova for transport for the pur- 
pose of stocking rivcr^^, nnr] likewise n« a helj> tfi explain the habitats* 
and some of the habits oi tiie migratory species. 

"Observations on the Anatomy and Aflfiniti^'s of ihe Phyfh'rrho'r 
buccphala (Peron)." Bv John OfMiis Macdouald, Ksq., E.N., 
Sistant-Surgeon of H.M.S.V. 'Toreh.* 

As the true position of Peron's genus PhyUirrhot, and even tho. 
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very exibteace of tht: aiiiinala composing it, h&ve been mutUrs of 
doitbl to zoologists, during a late enuM to tlM Fiji Islands I deter* 
nuaad to ply tht towiny-net with a littto more dtligenoe than omL 
hopiM to obtain a fisw of dieie abnoal bypothatiaal bebiga, and waa 
iQwaidad by the capture of many specimaoa. 

Some were taken in the neighbourhood of Lord Howe's Island, 
S. lat. 31° 31", E. long. 159° 5". some near Norfolk Island. S. lat. 
29^ 2", E. long. 168^ '2", rikI others, aithough ni ainaller numbers, 
in difFerent parts of our track, i hey generally made Lheir appeiir- 
ance after dusk in the evening, and ]jresented a great diversity in 
aize, form anti utlier external characters, which is due to changes in 
tiia araaoular ayatam« a vanaUo amount ti pigment<apota, &o. la^ 
daad at firal 1 fiiUy beliaved that aeveial diaSnet apeeiaa had baen 
bfongbt up together, but thia ide4 vaa abandonad when I obaarvad 
tiia most dissimilar forms giadnally assume so close a resemblanaa 
to aaoh other, as ultimately to render it difficult to distinguish them. 

From these facts I am much inclined to think that the three spe* 
cies described by Quoy and (iannnrf), viz. P. nmhoinenh-ifi, P, punc- 
tulata and P. rubra, P. LichtemtetHii {Eurydicc Lir/itcnsiemu of 
Eschscholtz) and P. rosea of D'Orbigoy, are ail referable to Peron's 
original species P, bucephala. 

The body of PhjfUirktS ia alongated m lorm and oompmaaad 
lalandly, presenting for doMriptbn an anterior and posterior astra* 
mity, a right and leift aurface, and a doraal and ventral border. The 
head is surmounted by two iangthy, somewhat flattened and Boami« 
nate tentacula ; the eyes lie beneath the skin, not being visible ex- 
ternally, and the mouth i« in the form of a short truncated proboscis, 
with a vertical opcniiia;. The oval-shaped body is on an average 
about une inch und ii half in lens;'th, which i> soinetliinfr over twice 
the measurement from the dorsal lo the ventral uuidcr taken at the 
middle or broadest part. The tail is quadrilateral in figure, gradu- 
ally widaning towarda ila poatarior border^ wbioh ia eioeadingly 
tiiui. The ooter intagamaat is perfectly transparent and lined ta^ 
rausoular bundles, diapoeed longitudiaaUy, and somewhat more than 
thair own breadth i^mrt These commnnicate with one another by 
oblique branching slips, which thus form a kind of network enclosing 
lons^ lozenge-shaped spaces. Merc and there nerve-tnink? of con- 
8ider?d)lc ?ize accoinpany the longitudinal bundles, dividing- otF into 
smaller twiga, winch distribute themselves at pretty equal distances 
in a direction more or less perpendicular to that of the musculai* 
iibraa. Scattered about at irregular intervals amongst these atruo«. 
toiaa art nomerona reddiah^lnrown pigment-spots, in tha oantra of 
aaab of wblofa a clear vaaida ia ganandly diatingoiahable. Aa abova 
alluded to, the actual tint of tUa pigment, and the relative number 
of spots deposited within a oeitain space, determine both the general 
quality and tlie depth of colour whioh ara found to.vary ao much in 

different e<|iccimens of Phyllirrhor. 

The alimentary cauai of this creature consists of a muscular tube 
Kned with mucous membrane, extendinc^ without flexure from the 
mouth to the vent, it commenced anteriorly in an oral dilutationf 

L2 
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In connexioQ with which we notice a pair of lateral homy jawa arti- 
ddated with each other superiorly, tad beiet witili yttj minale and 
sharp-pointed teeth akiig the euttmg edge, altogether mach raem- 
Uiag Uiose of CrlBneiif , and a Uagaal lihbon gradnaUy iacreaaing ia 
diameter from before backwards, and sapporting a pavement of long, 
conical, flattened and gracefully cunred t^th with fiae denticuk- 
tione at the base. The central aeries of platea being symmetrical, 
the large tooth in each takes up a middle position, but in the lateral 
plates it inclines to the inner side. In some examples I have ob- 
served certain lobulated bodies lying in contact with the buccal 
mass, and which I am disposed to regard as sali\ ary g:ltinds. The 
cesophai^us is short, and suddenly expands into a rnoderately lar;_'L 
stomach; and tiie latter, having leceivtd the bihary ducts near its 
posterior extremity, is continued into the rectum, which paaaes 
directly badcwarda aome little dwtance, and eada ia the anaa^ oa fht 
ijght ride of the hody, et the union of its posterior aad middk thirds. 
Ine liver ia Pkj^rrkoS ooneists of four eioagated, tubukr, aad aae* 
colated portions or lobes, disposed along the borders of the body, 
two lying above and two below the alimentary canal. Each of the 
superior hepatic glands opens by a distinct duct into the supero- 
posterior part of the stomach, while the ducts of the inferior ones 
unite to form a common tuhe joinin£^ it at it*^ infero-posterior pnrt. 
The oj)])osite or ccecal extremities of the two anterior hepatic lobes 
end 111 tlie neighbourhood of the head, while those of the others 
extend to within a sliort distance of the tail. The secreting cells of 
these organs are of a rounded or polyhedral form, containing, be- 
sides the nttcieas, a reddish-brown pigment and fatty globules. 

PkjfUbrko^ possesses a simple systemic heart, ooasistiag of a single 
auricle and ventricle. ' This oigaa lies apoa the stoaiach* betweea 
the ducts of the two superior biliary glands ; and a large vessel or 
sinus, with many circular constrictions in its walls, may be traced 
towards the auricle, bringing back the aerated blood from the hinder 
extremity of tlie l)ody. There are no visible respiniton'^ organs, but 
it is probable that the cutaneous surface permits of the necessary 
cx] osui L of the blood to the air contained in the surrounding 
medium. 

'i'he nervous system is well developed. The suj rn- and subopso- 
phageal ganglia, with their commissural chords, form a close nog 
round the gullet immediately behind the buccal mass. The audi- 
tory sacs» which are fiUed with vibratory otokonia, appear to lie be* 
tween both sets of ganglia, and the radimentary visual organs, eoa* 
sisting each of a rimple cell containing a refracting globule imbedded 
in black pigment, are also in contact with the nervous matter. Be- 
mdes the actual distribution of the nerves given off from the cephaUc 
gnnglia, 1 noticed nodules of neurine lying at the base of the tenta- 
cula, commnnienting by commissurnl threads, and sending off each 
a j)r!nLi|)ul nerve to the corre^ponclini^ tentacle. The gangiion- 
giobuies were lined with a ixddi^h- coloured pigment, deposited 
round the vesicular nuclei, and when twigs arc given off from the 
smaller nerves, both tiie homc^eneous neurilemma and the coutaincti 
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Tier\ ous mutter break up like a Jividiug vestiel, without presenring 
. the individuality of distinct nerve-tubes. 

Tbe sexes are combined in Phyliirrhoe^ tbe male and female 
generative openings lying close together on tbe right side of the 
body in the inferior gastero-hepatic space* and before tbe anal aper- 
tme. The ovaries lie in tbe inferior recto-hepatic space, varying in 
number from two to five, in general. They are dark-coloured, sub- 
rotund, and finely lobulated bodies, from the fore part of each of 
•which a very dclicnte duct an«e«, and all the ducts unite to form a 
single tube, with a triilmtr iiu rcase in it'-- diameter. Tins commoa 
oviduct, lined by a pavement of transparent cjnthelial cells, passes for- 
wards beneath the stomach in a fiexuous manner; and in the inferior 
pastero-hepatic space, it first unites with tbe duct of the testis and 
a^am continues its deviuub Ci>ui;:e until il ends in the fundus of a 
much larger tube, whose lining membiane is armed with numerona 
conical and tootb-Iike processes, and to this is appended a long cKcal 
process much resembling the spermatheca of HeUx for example. 
The external oriiloe of the male geneiatiTe apparatus lies immedi- 
ately posterior to that of the female organs. The testis is rather 
small, subglobular in form, and closely connected with a short 
twisted tube*, much dilated at the middle part, and coated over with 
a layer of dark pigment-cellis. It is with this tube, as above iiotieed, 
the small oviduct communicate:^, in order, as it would seem, to pe rmit 
of self-impregnation, or to answer some other purpose, with the na- 
ture of which we are unacquainted ; but there is also an intromit- 
tent organ, whicli, liowever, 1 have never seen proj)erly exserted. 

As to the affinities of Phyliirrhoe with Gasteropods, it may be cb* 
served tbat tbe animfd is Insexual, that the eyes, like those of Glmxua 
and Imiikma, are very small and rudimentary* being closely applied to 
tbe ganglia of tbe brain* after the manner of the acoustic sacs, and 
that both PhylUrrho'e and Glaucus agree in possessing two lateral 
homy jaws, articulated with each other superiorly, and bordered 
with minute conical teeth. 

In the Glaucida, the branchiae, which consist of simple papilhry 
prc^jcctlons of the skin, are distributed in an equable manner over 
the dorsal region of the body; and any deviation from this arrange- 
ment \\ oiild naturally tend, either to a more definite localization, or 
still furtlier dispersion. It is the latter modification which appears 
to have taken place m rhyUirrhoe ; so that its respiratory vessels 
ramify minutely through the common integument, just as the vas- 
cular trunks aiudogous to tiiose which break up in the pectinate gill, 
adapted for aquatic breathing, are subdivided, and spread themselves 
over the smooth walls of the lung-chamber in Pulmonifera. 

As respects its affinity to the Pteropods, here too the lateral jaws 
of Phyliirrhoe must be borne in mind, together with the almost com* 
plete suppression of the organs of vision. It is worthy of note ul«o, 
that its acoustic cai)suies contain otokonia, as in Pteropocla, instead 
of single globular otolithes like those of Glaucus, and there is some 

* I have diitinetlj trsoed the homologae of fbit tube in Pterepoia, Mertpoiat 
and the Ouitrppoitt proper. 
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fMKm to btMefe thtt tl» long tentacuUii lo Miltd, m th« hoiM* 

logues of the cephalic fins of Pteropode. 

The puttcttlar features of Phyllirrho^, expressed in the iMt pm- 
graphi deo serve to distinguish it from the Heteropoda, but it some* 

what approximates this order in tlie general conformntion of itf? body, 
which IS eionn^ntrd, Ifiteraiiy comprcs'^cd, and presents k kiml of pro. 
boscis at the anterior, and u rudder-hn at tho ]>ostei ior extremity. 
There is also, as it would appear to be, a sniail itmnRnt of the foot 
on the inferior thin margin of the body, and the lateral uudulatory 
motioii of the aniniftl in the witer eiactlj rtieinblm thai «f Crrp* 
pkomt or (karkuaruL, 

The heart of PhyUirrhoS, in common with that of Hctempoili in 
l^neral, holds a dorsal position. The auricle liet posteriot to tN 
ventricle, as in Cerophora and Firola, but the reverse is the case in 
Atlanta and Carinarin, the difference being duo to the relation which 
the respiratory ?!irti<cL' bears to the heart itself, lying in every case 
on the auricular side. Moreover it is remarkable that the rectum 
is directed backwards in the former instances, but turns forwards in 
the latter, taking an opposite course to that of the circulation 
throngfa the heart. 

It nay be obterfcd in oondntion, tliat in Heteropoda the viaoari 
ire olosely packed together so as to occupy the smallest poenMe 
apaee* while thejr are widely distributed through the abdomen in 
PhylHrrhoBi thna. agatn« oalUng to mind it» reiati o iia h ip to the 
Pteropoda. 

ThiK paper is illustrated with drawings representing the animal 
described and some of the details of its internal structure. 

*' Brief sketch of the Anatomy of a new genu? of pelagic Gaste- 
ropoda, nnmed Jaaonilla." By John Denis Macdonald, Esq., R.N. 

This communication refers to a rcmnrkable genus of pelagic Gas- 
teropoda, characterized, like Mucgiilivraya and Cheletropis, by the 
presence of ciliated cephalic appendages, but having, as !h the pre^ 
sent inatance, a beautifully transparent, cartllaginoua and peffeetly 
symmetHeal abell. The author baa seen but one species, which Was 
frequently taken between Port Jackson and the Isle of Pines. 

I'he shell resembles that of Argonauta iti shape, is less than one- 
eighth of an inch in diameter, and the little animnl, when fully fc- 
tracted, occupies but a small j)ortion of its cavity. The margin of 
the mantle is of considerable thickness, containitig loosely-packed 
cells, similar to those of the middle or opcrculigcrous lobe of many 
Pteropods. About eigiit ciliated arms, identicjd in character with those 
tAMacgilliwraya, &c., endrde the bead» indudiug the mouth. Which 
is furniahed with two masstte lateral jaws bearing sharp prominent 
dental processes on the anterior border, and with a pair of simple 
tentacula having a dark ocellus at the outer side of the base of each. . 
A well-formed foot arises by a narrow pedicle from the under surface 
of the body, immediately behind the ciliated collar. The creeping 
disc is elongated in fonri, ^til)t|iiadrate in front, and tapers off trradu- 
ally towards the posUnui e.xiremity. The latter part, correspond- 
ing to the operculigerou» lobe of other species, is speckled with 
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Kllle dMm ctf duk pigmenfe^Us, dispoMd lo modi aftit the 
manner of those ol the ettiftted arms as to lead to tha im|icaiai<m that 
it ia oae of the aame series* or whorl of organs* to use botanical 

phraseoloj^. A pectinate gill extends beneHth the mantle, alon^ 
the anterior third of the dorsal region, lyinir, hs in most ca«cs, la 
advance of tlip hp;irt. The visceral mass of tiie body, thouurli elon- 
2~ated, is but bliirhth curved uj)on itself, not exceeding: hull ;i turn, 
i'he iubuleS) ol the liver, distouded with lar^c amber-uuiuured od- 

g^oboles, may be dif tinctly seen through the tjwispafent oater enTOn 
lope and ahell. Single spherical otolithee are contained in the 
aooostie aaea, and the lingual ribbon la leogthj and flexttona, pre- 
senting a row of uncini on each aide, with a series of minute 
denUetdatiooa, pointing baokwarda on their anterior and posterior 
borders. The uncini of opposite sides interlock with one nnotlier 
so closely as to conceal the rudimentary segments of the rachis 
almost completely. The shell is cartilaginous, transparent, planor- 
bicular, and perfectly symmetrical, presenting' four rows of minute 
conical tuberculatioub on itu convex or dori»al surface. The gyri of 
the inTolute nueleoa are ao curred aa to leave a central perforation ; 
the mouth of the tube encroachea conaiderabty on the last whorl, 
and the outer lip ia deeply notched between the two lateral rows of 
tuberdea. The author has named the species Janniiia ItLtafitm* 
The paper ia aooompanied with illuatrative figurea. 

Note " On the position of Alumlnam in the Vollaie aeriesk*' Bj 

Charles Wheatstone, Esq., P.R.8. 

Having, through the kindness of Dr. Hofmann, been permitted to 
examine a specimen of nlnminum prepared by M. Claire- Deville, I 
availed my«elf of the opjjortunity to ascertain one of the physical 
properties of this extraordinary nketal, which it does not appear 
has been yet determined, viz. its order in the voltaic series. The 
IbUowing are the results of my experiments. 

Sdtitioti of potaaa aeta more energetically and with a greater ef o* 
lution of hydrogen gua upon aluminum than it doea on nine, oadmium 
or tin. In this liquid aluminum ia negative to zinc, and positive ta 
^dmium, tin, lead, iron, copper and platina. Smployed aa the po- 
sitive metal, the most steady and energetic current is obtained 
when it i« opposed to copper as the nej^ntire metnl : all the other 
metals nei^ative to it whi*^h were tried became rapidly polarized^ 
whether above or helo\v en per in the series. 

In a solution oi hydrochloric acid aluminum is negative to zinc 
and eadmium, and positive to all the other metals above named. 
With thfa liquid alio copper opposed to it aa the negative metal gave 
Hie atrongMt and moat eonatant eutrent. 

Nitric and aulphnric acids are known not to act ehemieallyin any 
sensible manner on aluminum. With the former aoid diluted as 
the exciting liquid aluminum nen-ative to zinc, cadmium, tin, lead 
and iron. The current with zinc is strong: with the otiicr metals 
very weak, and it is ])roliable that their apparent nesrntive condition 
is the result of polarization. When aluminum is huhk r^ed in dilute 
suiphurio acid, this metal appears negative to ^inc, cadmium, tin 
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and mm, but with lead, on vhich Biilpbiiric add has no actum, the 
corrent Is inaentible. In both these liqiiids copper and platina an 
negative to aluminnm, and notwithetanding the apparent abaeoee 
of chemical action on the latter metal, weak eutrents are pto» 

duced. 

It is rather remarkablei that a metal, the atomic nomber of which 

is so small, and the specific gravit)' of which is so low, should occupy 
such a })09ition in the electromotive scale a« to be more negatiYe 
than zinc in the series. 

May 3. — ^Charles Wheatatone, Esq., V.P., in the Chair. 

" An Experimental Iiujuiry into the nature of the metamorj ho-ii 
of Saccharint> Matter, as a normal process of the animal cecononi^.* 
By Dr. Pav \ . 

The author be^iiii by observing, that the saccharine matter met 
with in tiie animal cnconomy is deriired from two aources — from the 
vegetable kingdom, and from the liver of the animal itself ; in each 
case being poured into the general eircnlation through the hepatic 
veins. The liver not only enjoys the power of forming augar^ bat 
it likewise exerts (aa shown by the experiments of Bernard) some 
modifying influence over that which is traversing: its capillanea and 
which has been absorbed from the food, by which it i> transformed 
from vrgrtahic into animal sugar, and UlUS rendered more apt for 
servinp:; in the proce<<«e9 of animal life. 

The ^^iig ir poured into the general circulatiun through the hepatic 
veins is conveyed to the capillaries of the lungs, where it in great part 
disappears, but never entiieiy so, accoiding to very numerous analyses 
which the author has made on this subject. If the blood be traced 
onwards from the arteries through the systemic capillaries into the 
veins, the small amount of sugar which impregnates arterial Uood 
will be found to be still undergoing a procesa of deatmetion \ and 
what appears exeeedingly interesting, this process of deatmetion is 
not carried on with equal activity in the different parte of the 
system at large. In the capillaries of the chylo-poietic viscera, the 
destruction is so complete, that the blood in the portal vein mny be 
entirely free from saccharine princi])le, when the blood returning 
from other parts, as that contained in the femoral or jugular veins, 
remains slightly impregnated. This curious fact has a bearing that 
will be presently adverted to, with reiereuce to the views to be 
advanced concerning the nature of the metamorphosis of sugar in 
the animal oseonomy. 

The ^rtaetpa/ seat of destruction of aaccharine matter in the 
animal system being located in the reapiratory oigana, seema afc fiiat 
sight to support the theory of Laebig^that augar is one of thoaeaub> 
stances which undeigoes a process of combustion, by its direct com- 
bination with oxygen and its resolution into water and carbonic add. 
Some experiments on the temporary obstruction of the respiration 
and the examniation of arterial blood before and after the operation, 
led the author to call in question this view, as he observed that 
aotwithstanding the supply of oxygen was cut off to such an extent 
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as ;i.hnost to occasion death, yet a considerable destruction of sus^ar 
took place in the lungs. This, coupled with the fact that a disap- 
pearance of sugar takes place in the systemic capillaries, and un» 
equally 80 in different portions of them» induced him to puah his 
investigaHoDi* and tee if there might not be some other cause in 
operation in the living animal to efieet the noimal deatmetion of 
angar, besides the direct chemieal action of the oxygen absorbed in 
respiration. The resulta of these investigations, which were first 
directed towards the changes produced in blood normally containing 
sugar, injcrtcd through the capillaries ot lungs removed from tlie 
animal, and artificially inflated with atmospheric air or oxygen gas, 
have induced the author to refer the metumGrj)hosis of sugur in the 
aiiimiil cuconomy, to a process which is perfectly consistcut and 
analogous with the well-known chemical hearings of this subtiUuice 
i^art from the animal system. 

In experiments whidi the author has now several times re* 
peated» he injected blood removed from the right side of the heart of 
an animal— and therefore normally containing sugar — ^through the 
C5ipinnne« of the artificially inflated hingb of another; mid found 
that as long a« the blood retains its tibrine, there as much de- 
struction of its sugar as would take place in the living animal ; but 
that where the fibrine has been separated from the serimi and 
corpuaclts. the sugar ceases to be mlluenced by the presence of 
oxygen, or ceases to disappear during this piooeas of artifimal reapi- 
ration. It would hence appear, that something besides mere con- 
tact with oxygen is requisite for the destruction of sugar. But in 
otiier esperimenta, he has found that oxygen is neverttielcse a ne« 
ceesary agent concerned in the process of transformation observed 
durinj^: the arterialization of the blood thnt hn? not undergone spon- 
taneous coagulation. It would therefore i^ecm, in fact, that oxygen 
acts secondarily on the sugar through the medium of the hbrinous 
€*on8tituent of the blood : — that it exerts some changes ii])on this 
azotized principle, which arc capable of iuducing the metamorphosis 
of sugar. 

If we look to the ordinary chemical bearings of saccharine matter 
apart from the animal system, we find that an amtized substance 
undergoing the molecular changes of decomposition, placed in con- 
tact with sugar readily excites a process of fermentation, and con- 
verts it by a more nltcration of the grouping of its clement-^ into 
another substance, one atom of sugar (C'^H'^O''^) being resolved into 
two atoms of lactic acid (C^H^O"). We also find that sugar is 
not susceptible of oxidation except under the influence of strong 
chemical reagents. Chemical analogy, therefore, would lead us to 
look upon the secondary actioit of oxygen as the more probable pro* 
oesa of physiological destruction ; espMiatty when we take into con- 
sideration, that nowhere do we meet with such a constant series of 
molecular changes taking place as amongst the aaotized constituents 
of a living animal. In the above-mentioned experiment of injecting 
tibrmatcd and dcfibrinatcd blood through an Rrtlficiallv inflated 
lungy when the blood is capable of undergoing the molecular changes 
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of assimilatioti on contact with oxygen an in the living auimal, the 
tugar in great part dieoppears, bat ao soon as the fibrine is sepa- 
mM by upoataneDOi coagiilatloni and th« blood haa thus loal ita 
irital ohanietafiatiea» oxjrgen ia no longer capable of excrtiBff anjr 

ttetamorphoein^ Influenco on ita saccharine ingi edienta* 

If the molecular changes occurring during the decomposition of an 
azotized substance be capable of converting sugar into lactic acid, why 
should not thf molecular rhniiirrF occurring during the building-up 
or eltthoratiun of this same niti ngcuized compound effect the same? 
Indeed, we have seen that Ihe process of destruction i< carried on to 
a certaiu extent ia the t^ystemic capillaries, and mure especially 
in those of the chylo*poietic viaeera, whm the moleotdar cbangca 
of ntttritton are oIm oorreapondingly carried on with greater activity 
tiiaa eliawhere. 80 tJiafe analogy and experiment wonld tmd to 
ahow that the physiological destruction of sugar is owing to a pioi» 
cess similar to fermentation induced by the oMlecular changes 
occurring- in the nitrogeniT'ed con9tituer!t«» of the animal dunnjr life. 
And, in accordance with this, we hnd lactic acid present in the 
system, and largely separated from arterial blood by the muscular 
tissue, and the sccerniny^ follicles of the stomach. 

Ab regards the lactic acid fermentation, it is well known thai 
the preaenot of an alkali ikvours, whilat that of an aiiid rstanb tfan 
process. In two experimenta on animolsi the nndior iiqeeled cai^ 
oonatt of soda and phoaphoric add into the dnnilating eurant, 90A 
observed in the case of the latter that sugar immediately aceomii- 
lalsd in the blood. 

The precfditig obf^prvationa refer more eppeclall)' to the changes 
that take place in the saccharine ingredient of the blood during 
life ; and the author next proceeds to notice some interesting phie- 
nomena observable during the decomposition, and even the sponta- 
neous coagulation of blood containing sugar. 

If the blood of an animal normidly impregnated with aogar be 
placed asidOi and allowed to nndargo qmntaneona coagnlalion, on 
examininjg separately the serum and clot on the following day» it 
wiU be ronnd, that althongh the serum may be largely saturated 
with sugar, the clot is entirely, or almost entirely destitute of it. 
Now, n? the clot i"* moist and rempin« to n certain oTcrent infiltrated 
with the serum from which il h;\< [uirtiully (separated, it wn^ild 
appear that even the molecular clianges arising from the sponta- 
neous coagulation of the bloud are sufficient to effect the destruc- 
tion of normal animal sugar. And this conclusion is strengthened 
by the fiMtt, that In diabetio Uood ^the sugar of which, as would 
appear from other oonaidenitiona also; ia not so auaoeptiUff of 
matammrphosis aa tht healthy variety) the sugar doea not diaiqi^ 
pear to a similar extent in the dot. 

Under the changes of the decomposition of blood, normal animal 
glucose is rcT)' r( ndily metamorphosed. The rwjiidit}' of the meta- 
nn)i]>hosi9 depends on the activity of the decomposition of the 
anmiid substances present, and when the destnlction of the sugar is 
complete the blood has assumed an acid reaction. 
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Thi«5 acid reaction of decomposinc: lilood i> only obaervable in 
that which was previously pretty lariri ly impregnated with pug^r. 
It appears to be owing to the fDrmhtion ot luetic acid. Certainly, 
it cannot be due to carbonic acid, for the reaction remaiut after 
exposure to a boiling temperature. 

The disappearance of 8uffar in the maimer just pointed out does 
not depend on the oiygta m the ahr, except in ao fiur as thie agent ia 
mneehied in exciting Uie decompoeition of the asotlied ooMtltnenls 
of the blood i for the euger dieappean ae fapidly when theit i$ a 
small, as when there is a large amount of surface exposed to the air. 
Bat if the air be carefully and completely excluded, no eigna of de- 
composition of the animal parts of the b|ood are to be observed, and 
under these circumstances the ?np:!ir nho remains. The disappear- 
ance of sugar is more rapid where the tibrinc and corpuscles are pre- 
sent, than when the serum is exposed alone ; and in nccordance 
■with this, the blood ia tlie one ca^se undi rgoes decompusitiun much 
sooner than in the other^ — a fact easily iuteUigible from the greater 
amount of azotized injgredicnts present. 

If hloOd normally impregnated with saccharine matter be placed 
aside ttntU signs of inc^ient deoomposition are obsenred, and the 
sugar is beginning to disappear, exposure to a current of oxygen 
rapidly com^detes the total disappearance of the sadcbaride con- 
stituent. In this obsenration we have a fnrtheir lUnstmUon of thh 
analogy that appears to exist, in the nature of the metamorphosis of 
su^r as a phyiological process, and that which takes place chemi- 
cally under t\w influence of an azOti^cd compound, whose elemen- 
tary particles are in a state of molecular transition. During life, 
the higher organic constituents of the blood arc caj able of undrr- 
goin^ the changes of assimilation on exposure to contact ^Yitb 
OX} gen, and tliere is a eon^jiderable destruction of bugai etlected ; 
for a short period after death these azotized constituents remain 
alatioaery and linlniiieAoed by oxygen, and with Ibist thete Is a 
oDireapobding aaspeoilmi of the transformation of sugar t bttt finldlT» 
the animal matter of the blood on eoatsct wi^ bxyg^» espeeially 
during a warm temperature, assumes a «tate of decoiapOsitiOli» tHa 
molecular changes of which again eaeile the destraetioa af meta^ 
fflorphosis of saccharine matter. 

7'he «np-ar diaappcars far less rapidly from diabetic blood under 
the influence of exposure to the ntmosphere, thnn from healthy 
risrht- ventricular blond* From these, and a few oUu'i oli'^( rvation8 
which he has as yet been able to make on the bh)od in Diabetes 
Mellitus, the autiior, were he to hazard an opinion on the tiature of 
that obscure disease, would be disposed to say that there appears to 
be a modification of sugar produced by the liver, whieh is n<>t suscep- 
tible of undergoing the normal process of destruction in the an una! 
system, and which* therefore, accumulating ia the blood, is eliml* 
Dated by the kidneys. The experiments of Bernard have shown 
that vegetable glucose (gri^e-sugar) is not suaoeptible of destruo- 
tion in the processes of animal life, unless converted into animal 
glucose by the ageney of the lim. Diabstie sugw would there* 
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fore seem to bear e resemblance in its phybiological relatioiis to 
▼egetable, rather than to animal glucose. 

The following communications were in part read : — 
" Researches on the Partition of Numbers/' By Arthur Caylef , 
BsQ«i F.RtS. 

The aathor discusses fke followiug problem : — ^"To find in hov 
many "ways a number q can be made up of the elements a, b,e,*, 
ench clement being repeatable an indefinite number o£ times.*' The 
solution depends upon a peculiar decomposition of an algebraical 

f«ctio» where the den»minat«r>i i. the p»d»ot of «.y ..unber 

of factors, the same ordilleicnt of the form ', and u]inn the 
expansion by mean? thereof ot the fraction m ascending powers of x. 
I iie coefficient of the general term is expressed in terms of circu- 
lating functions, such that the sums of certain groups of the coeffi- 
cients are severally equal to zero ; these functions the author calls 
prime circulators. The investigations show the genersl form of the 
analytical expression for the number of partitions, and they also in- 
dicate how the values of the coefficients of the prime circulators 
entering into such expression are to be determined. 

" Further Researches on the Partition of Numbers." By Arthur 
Cayley> Bsq., F.R.S. 

The memoir contains a discussion of the problem " to find in how 
many ^viiys a number q can be made up as a sum of m terras with 
the element?^ 0, 1, 2,. ... A, each element being repeatable an inde- 
finite number of times.'* The number q may without loss of gene- 
rality be taken to be equal lu ^^Am— a), aud the expression for the 
number of partitions of this number ^(km^a) is by a peculiar me- 
thod reduced to the form coeff. «"* in where ^ algebraical 

fraction, the form of which depends on the value of k, ditf wkiek dbes 
in anymte tavoAw ihe mtmber m s the denombatur /r is tiie product 
of foctors of the form 1— or*, and up to certain limiting values of « 
t!ic fraction is a proper fraotione llie author remarks in conclusion 

that the researches were made for the sake of their application to 
the theory developed in his " Second Memoir upon Quantics«*' 

May 10« — The Lord Wrottesley. President, in the Chair. 

The following communications were read :— 

" An Bzperimental Inquiry undertaken with the view of ascer* 
taining whether sny force is evolved during Musculsr Cdntractiod 
analogous to the force evolved in the Fish« (^mnotos, and Torpedo.** 
By Henry Foster Baxter, Esq.* 

On a simple Geometrical construction, giving a very approximate 
Quadrature of the Cuele." By C. M. WiUich, £sq. 

Let AB be a quadrant of a circle A, B, C. In the arc BC place a 
chord BD equal to the radiuSi so that the arc BD is one of 60^« 

* Thia communicatiou will appear in our oeAt IS umber. 
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Bisect BD in E ; join AE. and produce the joining line to meet the 
circumference in ¥. jlhen AF differs from the side of a st^uare 
equal in area to the eircle by somewhat less than the one (bur- 
thomandth part of that side. 

May 24. — ^The Lord Wrottealey, President, in the Chair. 

Hie following communication was read : — 

" A Second Memoir upon Qnantics." By Arthur Cayley^ Esq. 

F.R.S. 

The memoir is intended as a continuation of the anthor's introduc- 
ton'^ memoir upon Quantics (vide Pinl, Mag. vol. viii. p. 69, and Pliil. 
Trans. 1854, p. 245) ; the special subject of the memoir is the tlicorein 
referred to in the postscript of the introductory memoir, and the 
numerous developments arising thereout in relation to tlie number 
and form of the covariants uf a bliuu y quuiitic. The author, alter some 
remarks as to the asyzygetic integrals and the irreducible integrals of 
a system of partial differential equations, and after noticing that the 
nnmber of irredueible integrals is in general infinite, proceeds to 
establish the above-mentioned theorem, viz. that a function of any 
order and degree satisfying the necessary condition as to weight, and 
tadi that it is reduced to zero by one of the operatbns } — «dy 
and {ydx}^ydje, is reduced to zero by the other of the two opera- 
tions, 1. €. that it is a covariant ; and he shows how by luean^) oi the 
tiieorem the aetual calcniation of the covariants is to be effected. The 
theoiem gives at once (in terms of symbols P, P*, which denote a 
number of partitions) expresMons for the number of the asyzygetic 
eofHiutt of a ghen d€gi<e and older, orof agiTen degtee 0^7; of 
a quantic of any order ; this enables the discussion of paitlcular cases, 
but to obtain more general results it is necessary to transform the 
expressions for the numbers of partitions by the method explained in 
the author's " Further Researches on the Partition of Number^/' It 
appears by the resulting formulae that the number of the irreducible 
invariants or covariants does m fact become infinite for quantics of 
an order sufficiently high ; the number of tlie in\ duciblc invariants 
first becomes infinite in the case of a quantic of the order 7 ; the 
number of irreducible covariants first becomes infinite in the case of 
a quantic of the order 5. In particular, the formulsB show that in 
the case of a quantic of the order 5, or quintio, there are 4 irre* 
dueible invariants of the degrees 4, 8, 12 and 18, respectively con- 
nected by an equation of the degree 36 ; and that in the case of a 
quantic of the order 6, or sextic, there are 5 irreducible invariants 
of the degrees 2, 4, 6, 10 and 15 respectively connected by an 
equation of the degree 30 ; so that the system of the irreducible in- 
variants of a sextic is analogous to that of the irr( diicihle invariants 
of a quintic. The memoir concludes with a table of the covariants 
of a quadric, a cubic, and a quartic, and of certain of the covariants 
of a quintic. 
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XIX« Intellig^HC^ ofid MmeUaneom Articles. . 
To tk9 EdUm of Ike Phihicpkieal Maguku mid Jmanml. 

QmMTiiEMWK, 

SEEING an acconnt, which is makipg the taur of the newspapen, of 
an attempt to sound the depths <? Niagara, which fSuIed in con- 
sequence of the great velocity of the stream not allowing the plumh 
to sink, it struck me that that which could not be accomplianMi by 
main force might be done by a very simple contrivance. 

The principle onwhich a schoolboy's common kitcIllG^mt^^ in the air, 
overcoming the law of irruvity, is well known ; and I should tiiink that 
an apparatus construe tul on the game principle, and perhaps of a 
like iortn but much smaUt:r, and strongly made of iron, would by 
the actioii of the current of water be forced to the bottom of the 
river. All hoys know that tiie stron|;er the hreesep the higher the 
hite flies. The depti^ might be easify determined by the angle of 
the detaining chain or wire with the surlisce of the water. 1 merely 
throw out the hint, hoping it may perhaps lead to the lnvcntloA of 
some apparatus tluit will overcome the difficulty. 
I enclose a rough diagram, and remain, Sirs, 

Your obedient Servant. 




A< lute, atruu^l) mad^ of thick caiT}'ing the scaW D, with % 

sheet lion. uointinir needle wei^ited to 

B> Detaining duun or wive. keep perpendicular. 

C. RedilaMat theendof hsr E. Vhain nnd hnnk tn nttnrh the 

apparatus to the shore or bridge. 



ON A FALL OF METEORIC STONKS AT T)KEMEWOBD£ IN HANOVJSft. 

BY M. WOHLER. 

On the 13th of May last, at 5 o'clock in the aftemooii, a very 
remarkable fall of meteoric stones waa observed near Bremeworde, 
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not far from Hamburg;. This phsenomenon was accompanied by 
■ thunder and a great hiss^iiiL,'- noise. The sky was cloudy, so that the 
metec^r was not ^een ; but three stones were seen fidling, and these 
were found. It is very probable that a greater number fell. The 
largest of these stones weighs 3 kilogiammeb, the second 1^ kilo- 
gruvune, and the llilnl 325 gnunmes. 

like most of the aerolites obaenred, these stones are covered widi 
a black fused crust. Their fracture shows a mixture of several mine- 
rals of a gray colour, amongst which a considerable quantity of me* 
taUic ifoo and sulphuret of iron may be distinguished. They present 
a close resemblance with those which fell in Transylvania on the 
4th of September 1S52, and which form part of the collection in the 
Imperial Museum of Vieuna. — Comgieg Rcfidtu, Jane 25, I855t 
p. 1362. 



MITBOBOLOGIOAL OBSXKYATIONS VOE JUNB 1855. 

aSUtmkk* — Jane 1. Overeiat. 2. Cloudy and fine: very deir. 3. Fines 

cloudj* : overcast, i. Heavy clouds : very fitie. 5. Cloudy: fine. 6. Hot and 
dry: rain. 7. Very tine. H. Cloudy: very line. 9. Sliowcry. 10,11- Very 
fine. 12. Very fine : clear at uigiit. 1^. Slight haze. U. Overcast : raiu. id. 
Cnondyt fine: nm» 16. Rnes sboiraryi offeranl: heavy rain. 17. CkmAjt 
s!ight -novrcr-. !S. Clear: cloudy: rain. 19. Overcast and fine. 20. Light 
rlnufln : tiiic ; clear : fro^tftf at niifhi. 21. Clrar and fine. " 22. Fine : very dry air. 

Uvcrc4iai. 24. Very line. 25. Uioudy and tiuc. 26. Overcast : very fijif. 
27. Dry haie : very fine* 28—30. Very floe. 

Mean temperature of the month ■•.*....*.. 57^*98 

Mean temperattirc of June 1851 56-93 

Mean temperature uf June for the last tweuty-mne years ... 60 '39 
Average unomt efnm in June l'89faidi. 

Basim, — June 1. Cloudy : rain a.m. 2. Cloudy. 3, 4. Tiue. o. Cioudy. 6. 
Tine. 7. Ctoody : rain k.u. 8. Cloudy. 9. Fine : rain F.if. 10. Fine : ratal 
with thunder P.M. 11. Fine. 12| 13. Cloudy. 14. Rain a.m. and f.m. 15. Cloudy: 
rain A.M. and P.M. 16. Fine. 17,18. Cloudy : rain V.M. 19| 20. Cloudy. 21, 

22. Fine. 23—27. Cloudy. 28—30. Fine. 

Sandu'ick Manse, Orkney, — June 1. Bright a.m.: rain p.m. 2. Damp a.m. : 
foggy P.M. 3. Hazy a.m. : doudy p.m. 4. Hazy a.m. : clear p.m. 5. Bright a.m. : 
dear p.m. 6. Rtiii« thqnder mm. : drope km. 7. Fiofgy t doo^ WM, 
8. Bright, fine a.m.: fc^gy p.m. 9. Showers a.m.: showers, fnrfy p.m. 10. 
Cloudy A.M.: clear p.m. 11. Bright a.m.: cloudy p.m. 12. Hnin a m. and p.m. 
13. Foggy A.M. and p.m. 14. Clear a.m. and p.m. 16. Cloudy a.m. : clear p.m. 
16. Showers a.m. : drope FJi. 17. Driale, thowen am, and pji. 18. Bright 
a.m. : driKle, showers r.M. 19. Clear a.m. and p.m. 20. Cloudy a.m. : small 
ram P.M. 21. Foggy a.m. and p.m. 22. Foggy a.m. : bright p.m. 23. Bright 
A.M. and P.M. 21. Bright a.m. : bright, ruin p.m. 25. Rain A.M. and p.m. 26. 
Drope A.if . I rain p.m. 37. Bright a.m. : deer wm. 28. Qeafr fine am* : bright^ 
tn« P.M. 29,30. Bright, fine a.m. and p.m. 

Mean tcmpfrnttire of June fur twcnty-eight previous ye^rs . 52'''78 

Meau temperature of this mouth 52 23 

Mean temperature of June 1854 02 •86 

Ami* qoaatttyolitinw^m Air fifteen pravi^ 8'21iiich«i, 
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XX. On the Nature of the Force by which Bodies are repelled 
from the Poles of a Magnet} to which is prefixed, an Account 
of some Experiments on Molecular Influences, By John 
Tyndaix, Ph.D,, F.R,S. ^c* 

[With ThiM Plates.] 
iHTEODUCmON. 

■jwOM the published accoont of lira Mearebes it is to be 
M? inferred, that tbe same heavy glass^ by means of which he 
prodaeed the rotation of the plane of polarisation of a luminooa 
ray, also led Mr. Faraday to the disoomy of the dtamagnetie 
force. A square prism of the glass^ 2 inches long and 0*5 of an 
inch thick, was sttspended with its length horizontal between 
the two poles of a powerful eleetro-magnct : on developing the 
magnetism the prism moved round its axis of suspension, and 
finally set its length at right angles to a straight line dirawn 
from the centre of one pole to that of the other. A prism of 
ordinary magnetic matter, similarly auspended, would, as is 
well known, set its longest dimension horn pole to pole. To 
distinguish the two positions here referred to, Mr. Faraday 
introduced two new terais, which have since come into general 
use : he called the direction ]iarallcl to the line joining the poles, 
the axial direction, and that perpendicular to the said line, the 
equatorial direction. 

The diilercuce between this new action and the ordinary 
magnetic action, was further manifested when a fragment of 
the heavy glass was suspended before a single magnetic pole : 
the fragment was repelled when the nmgnetisni was excited; 

♦ From the Philosophical Transaction*? for 1855, part i.; havinf: been 
received by the Hoyal Society October 31, 1854, aad read Jauuary 26, itiuij. 

Pm. 8. 4. Vol. 10. No. 65. SepU 1865. M 
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and to ihc force wliich j)ro(luced thi^j repulsion Mr. Paraday 
gave the name of diamagnetism. 

Numerous other substances were soon added to the heavy 
g^aas, and^ among the metals^ it was found that biamnth poa* 
aeaaed the new property in a eomparatively exalted degree. A 
firagment of this aubatance waa forcibly repelled by eitter of the 
poles of a magnet; wbOe a thin barof the saDstance»or a glaaa tube 
containing tEe biamuth in fragmentSi or in powder, anapended 
between die two polea of a horseshoe magnet^ behaved exactly 
like the heavy glass, and aet ita longeat dimension eqnatofial. 

These exhaustive leseaidiea, whidi rendered mamfest to the 
scientific world the ^dstence of a pervading natural forcCi 
glimpses of which merely bad been previously obtained by 
Brugmann and others^ were made public in 1846; and in the , 
following ^ear M. Pliicker announced his beautiful discovery 
,of the action of a magnet npon crystallized bodies. Uia first 
result was^ that when any crystal whatever was suspended 
between the poles of a magnet, with its optic axis horisontal, a 
repulsive force was exerted on the said nxis^ in consequence of 
which it receded from the poles and finally set itself at right 
angles to the line joining them. Subsequent experiments, 
however, led to the conclusioD^ that tlic axes of optically 
negative crystals only experienced this repulsion, while the axes 
of positive crystals were attracted; or, in. other words, aet them- 
selves from pole to pole. 

The attraction and repulsion, here rcfcrrccl to, wvvv ascribed 
by M, Pliicker to the aeti onof a new force, cutirel\ independent 
of the magnetism or duunagnetism of the mass ot the crystal*. 

or dhmcitjurtic condition nf the iriass of the mj^fnl , if di/ninishes less, as 
the dUiauce from the poles of Hie magntt mcrcasfs, ikon ihe magnetic and 
dianuMnetic forces emanating from these poiea and aciing udoh t/ie crystal** 
— FM. Pliicker in PoggendoHTi Anmilem, toL Ivii. No. 10; T^ylor't 
8ckntifie Memoirs, vol. v. p. 353. 

The forces emanatiiig firom the polee of a mignel an tinia smBflMd op 
by M. Pliicker: — 

Ut. Tiie magnetic force iu a strict sense. 

2Dd. The duunaguetie actbn diaooveied.by Faraday. 
* drd. The action exerted on the optic azesof ctystals (and that|iiodiienic 
the rotation nf the plane of polarization which probably correspcrnl^? to it). 
The second diminishes more with the distance than the firsts and tke^$t 
more than the third.— T&viQi*s Scientific Memoirsi voL v. p. 380, 

The ciystal (cyanite) aoet not point according to the magaetieiiL of tta 
substance^ hut only in obedience to the magnetic action upon its optic €Ute$*—^ 
Letter to Mr. Fm nduv. Phil. Mag. Tol. xzziT. p. 451. The italics m all 
cases are M. Plucker's uwu. 

1^ la Rive states the ?iew of M. Pliicker to be : — ^that the aiie in tta 
onaiUty as axis, and independently of the Teiy nature of the auhatmea oC 
we oyital, eojoya peeohar pfopotiea, more ftequently 19 oppoaUioii to 
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Shortly after the puliliration of M. PKicker^s first iriciiioir, Mr. 
yaraday observrd the remarkable uia^iietic pr()|)r'rtics of crystal- 
lized bisrnutli ; and his researclics npon this, and other kindred 
points, formed the ^^nbject of the Bakeriaa Lecture before the 
Hoyal Sorirty for flu- y» ar 1 H49. 

Throui^b the admirabh- Icrturesof Professor Bunsen on Elcctro- 
rTiomistry m 1848, 1 was lirst made acquainted with the existence 
<d" the diania^^netie force; and in the month of Novend)er 1849 
my friend Professor Knoblauch, then of Marburg, now of the 
Ihiiversity of Halle, suggested to nic the idea of repeating: the 
experiments of M. Pliickerand Mr. Faraday. He had procured 
the nccessan;'' apparatus witli tlie view of prosceutin'x the subject 
bimself, but the pressure of other duties prevented him from 
carrying out hia intention. I adopted the sugprestion and 
entered npon the incpiiry in M. Knol)]auch''9 cabinet. Our 
frequent conversations upon the subject led to the idea of our 
making a joint publication of the results: this we accordingly 
did in two pa])i'rs, tlie first of which, containing a brief account 
of some of the earliest experiments^ appeared m the Philosophical 
Magazine for Mareli 1850, and some time afterwards in Pog- 
gendorfF's Annalen; while the second and principal memoir 
appeared in the Philoso})hical Magazine for July 1850, and in 
Poggendorff's Annalen about January 1851*. I afterwards 
con tinned my researches in the private laboratory of Professor 
iVIaguus of Berlin, who, with prompt kindness and a lively 
interest in the furtherance of the inquiry, placed all necessary 
apparatus at mv disposal. The results of tins investigation are 
described in a pajier published m the Philosophical Magazine to 
September 1851, and in PoggendoriPa Annaien, vol. lx.oiii. 

In these memoirs it was shown that the law according tO 
which the axes oi positive crystals are attracted and those of 
negative crystals repelled, was contradicted by the deportment 
of numerous crystals both positive and negative. It wa.s also 
proved that the force which determined the position of the optic 
axes in the maguetic held was not independent of the magnetism 
or diamagnetism of the mass of the crystal ; inasmuch as two 
crystals, of the same form and structure, exhibited altogether 
different effects, when one of theui wa« magnetic and the other 
diamagnetie. It was shown, for example, that pure carbonate 
of lime was diamagnetie, and always set its optic axis equatorial ; 
but that when a portion of the calcium was replaced by an iso- 

those posHessed by the substance itielf, or which at least are altogothw 

ind< ])( rulent of it. ' — Trentist* on Electricity, vol. i. p. 369. 

* The memoir? in the Pbilusophical MaL'azine were written bv me, and 
the second one has, 1 beUeve, been tr»nslated mto Germttu by Dr. Krbnig j 
the popeft m PuggcndorfTa Jmutm wm^ •iM by my ooUeagoa^^^T* 

M2 
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morphou magnetie oonstitoenty which neither altered the stme* 
tare nor affeeted the perfect transparency of the crystal^ the 
optic axia set itadf from pole to pole. The variona complex 
phsenomena exhibited by crystals in the magnetic field were 
finally referred to the modification of the magnetic and diamag- 
netic forces by the pecoliaritica of molecular arrangement* 

This result is in perfect conformity with aU that we know 
experimentally regarding the connexion of matter and ibfce. 
Indeed it may be safely asserted that e?ery foree which makes 
matter its vdiicle of tnnsmission must be infloenced by the 
manner in which tlic material particles are grouped together* 
The phseuomena of double refraction and polarization illustrate 
the influence of inolccolar aggregation upon light. Wertheim 
has shown that the velocity of sound through wood, alon^ the 
fibre, is about fi?e times its velocity across the fibre : De la Bive;, 
DeCandolle and myself have shown the influence of the same 
molecular grouping upon the propagation of beat. In the first 
section of the present paper, the influence of the molecular 
structure of wood upon its magnetic deportment is described : 
Senarmout has shown that the structure of crystals endows 
them with different powers of calorific conduction m different 
directions : Knoblauch has piovcd the same to be true, with 
repraid to the transmission of radiant heat : Wiedemann finds the 
passage of frictional eletti icity along crystals to be affected by 
structure; and some cxprnmcnts, which I have not yet had 
time to follow out, seem to prove, that bismuth may, by the 
approximation of its particles, be caused to exliibit, in a greatly 
increased degree, those Kinarular effects ot mductiun w^hich are 
so strikingly exhibited by cupper, and other metals of high 
coiuhu ting ]>ower. 

Indeed the mere a priori considcratiou of the subject must 
render all the effects here riltn ed to extremely probable. Sup- 
posing the propagation of the forces to depend upon a subtle 
agent, distinct from matter, it is evident that the progress of 
such an agent from particle to particle most he influenced by 
the manner in which these particles are arranged. If the par- 
tides be twice as near each other in one direction as in another, 
it is certain that the agent of which we speak wiU not nass with 
the same facility in both directions. Or supposing the effiscts 
to which we have alladed to be produced b^ motion of some 
kind, it is just as certain that the propagation of this motion 
must be aflected by the manner in which the particles which 
transmit it are grouped together. Whether, therefore, we take 
the old hypothesis of imponderables, or the new, and more 
philosophic one, of modes of motion, the r^ult is still the same, . 

If this reasoning be correct, it would follow, that, if - the 
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molecular arrangement of a body be changed, such a change 
will manifest itself by an alteration of deportment towards any 
force operating upon the body : the action of compressed glass 
upon light, which Wertlicim in his recent researches* has so 
beautifully turned to account in the estimation of pressures, is 
an illustration in point ; and the inference also recrivcs the 
fullest corroboration from experiments, some of which are re- 
corded in the papers alluded to, and wliich show that all the 
phrrnnmena of mn^nccrystallie action may be produced by simple 
mcchaiiicnl np uey. ^^ hat the crv'^^allinc forces do in one case, 
mechanical force, under thr coiiti )l of the human will, nrcom- 
plishes in the other. A crystnl of carbonate of iron, for example, 
suspended m the magnetic field, exhibits a certain deportment : 
the crystal may be removed, pounded into the tinest dust, and 
the particles so put together that the mass shall exhibit the 
same deportment as before. A bismuth crystal suspended in 
the magnetic held, with its planes of principal cleavage vertical, 
will set those planes equatorial ; but if the crystalline ])laiirs 
be ?^fjneezed sulficieutly together by a suitable mechaiiu al force, 
this deportment is quite changed, and the line which formerly 
set equatorial now sets axial f. 

Thus we find that the influence of crystallization may be 
perfectly imitated, and even overcome, by simple mechanical 
agencies. It would of course be perfeetlv uniiitt llimljlc were 
we to speak of any direct netion of the niai^iu tic force upon the 
force by which the powdered carbonate of iron, or the solid cube 
of bismuth, is compressed ; such an idea, however, appears 
scarcely less tenable than another which -uems to be entertained 
by some who feel an interest in this suhj; rt ; namely, that there 
is a direct action of the magnet upon the molecular forces w^hich 
built the crystal. The function of such forros, as r( u'anls the 
production of the effects, is, i believe, mediate ; the molcf ular 
forces arc exerted in placing the particles in position, and the 
subsequent phrenomena, whether exhibited in magnecr)'stallic 
action, in the bifurcation and polarization of a luminous ray, 
or in the modification of any other force transmitted through 
the cr}'stal, are not due to the action of force upon force, except 
through the intermediation of the particles referred to J. 

* Pliil. Mng. October and November 1854, 
t Phil. Ma^. vol. ii. Scr. 4. p. 

X The iuilueuce of molecular aggregation probably mauiie«ts itself on a 
^nud scale ia nalnM. The Snowdon range of numnteiMi, for eiLamplc, 
IS principally compotecl of ilate rock, whose Unc of strike is neatly north 
ana soutii. The magnetic proncrties^ of this rork ! fhid, hy some preUmi- 
nary cxpcrimeut», to be very ditiVTcnt aloiif; tlie cleavage from what the^ 
are across it. I caimot help thinking that these vast masj»es, in their 
Dfoent pontkm, mml eictt a different action on tlie magnetic needle 
nom tlial whidi would be excited if the line of atrike were eaat and weit. 
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T|i« teegoing intxodiictofy slatom^ 
indicate the prawnt aipeot ii this qiieition. The object I pro* 
poaad to myeelf in ccwnmencing the inquirv now hud Wore the 
Jtoyel Society;! wee to ohtaiui if poidhiey cleaKer notions of the 
natare of the diamagnetie finroe than those now prevalent j for 
thenghj in the pieoeding ptiagraphsi we have toudied npon 
aome of the most complex phmiainena of magnetism and dU^ 
magnetiamy and axe able to j^rodoee these plmomene et wiHt 
the greatest diversity of opimon still prevails as to the leal re» 
lationship of the two forces. The magnetic force^ wc know^ 
embraces both attraction and repolsioni thus exhibiting thai 
wonderful dual action which we are accustomed to denote bj 
the term polarity. Mr. Faraday waa the first who proposed the 
hypothesis that diamagnetie bodieaj operated on by magnetic 
nma, possess a polarity " the same in kind as, but the reverae 
in direction, of that acquired by iron, nickel^ and ordinary mag- 
netic bodies under the same circumstances*." M. W. Weber 
sought to confirm this hypothesis by a series of experiments^ 
wherein the excitement of the sn])p()sed diamagnetie polarity 
was applied to the generation of induced currents — apparently 
with perfect success. Mr. Faraday afterwards showed, and his 
results were confirmed by M. Verdet, that effects similar to those 
described by the distinguished German, were to be attributed, 
not to the excitement of diamagnetie polarity, but to the genera- 
tion of ordinary induced currents in the metallic mass. On the 
question of polarity Mr. Faraday^s results were negative, and he 
therefore, with philosophic caution, holds himself unpledged 
to his early opinion. M. Weber, however, still retains his belief 
in the reverse polarity of diamagnetie bodies, whereas Weber's 
countryman M. von Feilitsch, in a series of memoirs recently 
published in Poggendorfi'^s Annaleuy contends that the polarity 
of diamagnetie bodies is prtci.^oly the same as that of magnetic 
ones. In this unsettled state of the question nothing remained 
for me but a complete examination of the nature of the die- 
magnetic force, and a thorough commffison of its phsmomena 
with those of ordinary magnetism. This has bem attempted 
in the ibUowing pages: wiui what sneeess it must be left to the 
resder to deeide. 

Before entering upon the prindnal inquiry, I will introdnce 
one or two points which arose indaentallr m>m the investigi^ 
tion^ and whieh appear to be worth reeormng. 

1. On tu Maonstic PnopsKTisa ov Wood. 

No eiperimento have yet been made, to determine the inflnence 
of atmetore npon tito magnetie deportment of this sabstanee ; 

* Experimcutul Researches, 2429, 2430. 
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and even on the queation whether it is magnetic^ like iron^ or 

Spetic, like Diamnth, differences of opinkn appear to 
Sueh difiereneet ate to he leferrea to the extreme 
keas of the foree proper to the wood itself^ and its eoa- 
sequent liability to be masked by eztraneous impurity. In 
handling the sobstanoe intended for experiment the fingers must 
be kept perfectly clean« and freqn^t washing is abiolutely 
necessary. After redncing the suostanee to a r^ular shape^ so 
aa to annul the influence of exterior form^ its out^ sur&ce most 
be carefully removed by glass, and the body afterwards sns« 
pended by a very fine fibre between the poles of a strong electro* 

The first step in the present inquiry was to ascertain whether 
the substance examined was paramagnetic* or diainagnetic. 
It is well known, that, in experiments of this kind, moveable 
masses of soft iron are placed upon the ends of the electro- 
magnet, the distance between the masses being varied to suit 
the eiperiment. In front of a pointed mass of iron of this kind, 
a cube of wood was suspended, and if, on exciting the magnet, 
the cube wa^i repelled by the point, it was regarded as diamag- 
netie ; if attractrd, it was con- 
sulcrcd to be paramagnetic. The 1. 
force was considerably intensified 
by placing the two moveable 
poles as m tig. 1, and suspending 
the cube at n on the same level 
with the points; a diamaguetic 
body placed there is, on the de- 
velopment of the magnetic force, 
forcibly driven from the line 
which unites the points, while a magnetic body is forcibly drawn 
in between them. 

Having thus observed the deportment of the mass, the cube 
was next suspended between the Jiat ends of the poles sketched 
in fig. 1. The parallel faces were about three-quarters of an 
inch apart, and in each case the fibre of the suspended wood 
was horiaontal. The specimen first examined was Beef-wood : 
suspended in the position a, fig. 1, the mass was repelled : sus- 
pended between the fiat poles, on exciting the magnet, the cube, 
if in an oblique position, turned and set its fibre equatorial. 

* The effiseli eriubited hj inm and bf bismuth eosss p io p w ly wmImp 
the general dcsi<2;uation of ma^a^lte phenomena: to lender their mbdirioan 

more (distinct Mr. Faraday lins vt'ccntlv introilnccd t^e nord paramoqnefh 
to denote the old magnetif etrt t ts, of \s ludi tlu at tiuii ot iron is nn exasnplr, 
Wherever the word magiteLic owjurs, without tiic prefix, it is always tlit; 

old selioii that is leftned to. 
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By suitably breaking and closing the circuit, the cube could be 
turned 180'' round imd lu Id in this new position. The axial 
position of the hgneous hbre was one of unstable ccinildji ium, 
from which, if it diveiged in the slightest degree right or lett, 
the cube turned and finally set its fibre equatorial. The fol- 
lowing is a statement of the results obtained with thirty-fi?e 
different kinds of wood : — 



Table I. 



Nmeof wood. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
S2. 
33. 
34. 
3u. 



J5oef-\vood 

Black Ebony 

Dox-wood 

Second spedmai 

BrazU-wood 

Bnziletto 

Bullet -wood , 

Catn-woofl , 

CucoA-wood , 

Coroauuid«L>iiood ... 
Green Ebony ...•«•••. 

Green-heart 

Iroa-wood 

King-wood .....•,••„, 

Locust-wood 

Maple 

Lance-wood 

Olive-tne 

Peruvian -wood 
Prince's -wood .>..., 
Camphor-wood ••.•■1 

Sandal-wood 

Satin-wood. .i. 

Tuiip-wood ......... 

Zebra-wood 

Botany Bay Oak ... 

Maxatian-wood 

TaiiHuriiid>iNMd 

Sycamore •.«•.*. 

Beerh 

liuby-wood, 

Jaeea 

Oak 

Yew 



Fibre equatoriaL 



UeporimoBt of 1 Deportment of 



Diotuagnctic. 



M 



n 

M 

n 
f> 

n 



n 
n 
ft 

ti 
tt 
n 
M 
n 
w 

M 

f* 
ft 



*f 
ft 
tf 



iiiack Uak | Paramaguctic. 



tf 
If 

tf 
tt 
ft 
ft 
II 
»• 
ft 
If 

M 
»f 
M 
tf 
ff 
tt 
tt 
tt 
tt 
tt 
ft 
*f 
tf 
ft 
*f 
ff 
ft 
ff 
ff 
tt 
H 
tt 
ff 
If 



Action dedded. 



AfiHoA itnyDg. 

Action strong. 
Action atrong. 



Action decided. 
Action decided. 

Action atroBg. 



Action stmnc:. 
Action decided. 

Action decided. 
Action decided. 



Action strong. 
Action feeble. 
Action decided. 



The term "f!rri(1r(l " is here used to express an action more 
energetic than ordinary, but in no cese doe^the result lack the 
decision necessary to place it beyond doubt. It must also be 
remarked that the term " strong " is used in relation to the 
general deportment of wood; for, compared with the action of 
many other diamagaetic bodies^ the strongea^ ^ti<H^ }ffOQd. ia 
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but feeble. Simple as tin; proljliaji may appear, it required ' 
considerable time and care tu obtain the results here recorded. 
During a first examination of the cubes eight anomalies presented 
themselves — in eight cases the fibre set either oblique or axial. 
The whole thirty-five specimens were carefully rescraped with 
glass and tested ooee more ; stUl two Teniaineiii wbicb» though 
repelled as masses^ persistently set with the fibre axial^ and 
oscillated roond this position so steadily as to lead to the sup- 
position that the real deportment of the substanoe was thns 
exhibited* I scraped these eabes ten times sneoessivelyy and 
washed them with all care, but the deportment remained un« 
changed. The cnbesj for the aake of referencci had been stamped 
with diminutive numbers by the maker of them ; and I noticed 
at length, that in tliese two cases a trace of thefigores remained : 
on removing the whole surface which bore the stamp from each, 
the cubes forsook the axial position, and set, Uke the others, 
with the fibre equatorial. 

The influence of the mere form of an impurity was here very 
prettily exhibited. The cubes in question had been stamped 
(probably by an iron tool) with the nnmbers 83 and 37, which 
lay in the line of the fibre; thefigores, being dumpy little ones, 
caused an elongsftion of the magnetic impurity along the said 
line, and the natural consequence of this elongation was the 
deportment above described. 

Of the thirty-five <;pecinicns examined one pi'oved to be para- 
magnetic. Now, it may be asked, if the views of molecular 
action stated in the foreg:oin£^ pn^cs be correct, how is it that 
this paramagnetic cube sets its fibre equatorial? The case is 
instructive. The substance (bog oak) had been evidently 
steeped in a liquid containing a small quantity of iron in solu- 
tion^ whence it derives its magnetism; but here we have no 
substitution of paramagnetic molecules for diamagnetic ones, as 
in the cases referred to. The extraneous maj^nctic constituent 
is practically indifferent as to the direcuuu of magnetization, 
and it therefore accommodates itself to the directive action of 
the wood to which it is attached. 

IL Ok thb Rotation of Bobibs bbtwbkk Foibtbd 

Maonbtic Polbs. 

In his experiments on charcoal^ wood-bark and other sub* 
stances^ M. Flttcker discovered some very curious phsmomena 
of rotation^ which occurred on removing the substance experi- 
mented on from one portion of the magnetic field to another. 
To account for these phenomena, he assumed^ that in the 
substances which exhibited the rotation^ two antagonist forces 
were perpetually activ^a repulsive foree, which caused the 
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substance to assume one position ; aud an attractive force, 
which caused it to assume a diflfereiit position : that, of these 
two forces, the repnluTe diminished more quickly than the 
attractive, when the diatance of the body from the polea wu 
atigmented. Thua, the fonner, which waa prodominaiit cloae 
to the polea, auccnmbed to the latter wbeii a mitabk diatanca 
waa attained, and henoe aroae the observed rotation. 

Towards tiie conduaion of the memoir ]>aUiahed in the 8ep« 
tember Number of the Philosophical Magaaine for 1861, 1 stated 
that it waa my intention farther to examine thia highly iogenioiia 
theory. I shall now endeavoor to fulfil the promiae then mads^ 
and to atatoj aa briefly aa I can, the real law which regulates 
tliese complex phsenomena. 

The masses of soft iron sketched in fig. 1 were placed upon 
theendsof the electro-magnet, with their pointsfadngeaeh other; 
between the points the body to be examined was suspended by 
a fine fibre^ which, passing round a groove, the substance could 
be raised or lowered by turning a milled head. The body was 
first suspended on the level of the points and ita deportment 
notedf it waa then slowly elevated, aud the change of position, 
if any, was observed. It was finally permitted to sink below 
the points and its deportment there iioted also. 

The following is a statement of the results ; the words 
'equatorial' (E.) and 'axiaP (A.) imply that the lon^ei^t liori- 
zontal diiikension of the substance examined took up tb<' ])nsitiou 
denoted by each of lliesc, words respectively. The manner w 
which the bars were prepared la explained further on. 



Table U. 



Horizontal 



1. Tartaric acid 

S, A second specimen 
a. Red iemcpaadt of 
potassium 

4. A second prism .... 

5. Citric acid 

0. A second spedmeD. 

7. Beryl 

8. Saltpetre 

9. Nitnfteoftoda .... 

1 0. Sulphate of iron .... 

11. A ec( 0!i(l specimen . 

12. A third !ii>ecimen . 

13. CalcareoQt tpar .... 

14. A full cry stal 

15. Carbonate of iron . 



0-5 xO l 
U-4 xO l 

0-6 xOl 

0-95x0^ 

0-48 X 0-2 

(Hi xO-3 

xo-w 

X015 

X 003 

XO-1 



O'e 

07 
0-6 
10 



0-5 XO l 



I 



Deii'riuii'nt 

Ctf UMM. 



Diamagnetic. 



Panroagnetic 

ft 

Diamag;netic. 



Foitition. 



Paramagnetic. 
Diamagnetic. 



It 



If 



Diamagnetie. 

Paramaguetic 



E. 
E. 

A. 
A. 
E. 
E. 
A. 
B. 
£. 
A. 
A. 
A. 
E. 
£. 
A. 



A. 
A. 

E. 
E. 
A. 
A. 
£. 
A. 
A. 
E. 
E. 
E. 
A. 
A. 
£. 



A. 
A. 

E. 
E. 
A. 
A. 
E. 
A. 
A. 
E. 
E. 
E. 
A. 
A. 
£. 
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(Table II. canlimed,) 



«, «#„tl l„,l. 


Horisontal 
dimwurions. 


Deportnsfit 


f — 

Betwcco 
poles. 


Podtioa. 


' — \ 
AraiifW a 


16. Carbonate of iron 












ptvwdaped md con- 














0-9 x^ lH 


Paramagnetic. 


A 


E. 




17. Compressed diBO .... 


0-8 xU'Oo 




A 


E. 


E 




0*05x0*15 


Diamagneuc. 




A. 


A 


1!', The BuneflOBiprcs^ 




ft 


B 


A* 


A 


80. The samp ^KiAvdcrcd 












and oonipreesed ... 


0*6 xO-07 




B. 


A. 


a 

A. 


n. Gylnderelt1i«i«ii». 


1-0 x(^u 


» 


B. 


A. 


A. 




9*1 xOl 


Pamoagiielic. 


A. 


B. 


E. 


A «erond specimen ... 


1*1 X"l 


» 


a 

A. 


1? 


E. 




0*9 xO*l 


»» 




E. 


E. 


Sulphate of nioktl... 


0*9 X0*3 


f» 


A. 


B. 


B. 


26. A second specinion.,. 


0 6 xf>2 


tt 


A. 


E. 


E. 




0-38x0 18 


Diamagnetic. 


£. 


A. 


A. 


98. Asecond specimen ... 


0*4 X018 


f$ 


E. 


A. 


A. 


iP. Carbonateoftinpow* 












oerod and oompreaa- 














0-34 X 0*04 


tt 


E. 


A. 


A. 


ANOOBClapOCtllMB ... 


length 6 tim«B«Ua 


tf 


B. 


A. 


A. 


SI* Ammonio*phosphate 










of magnesia pow- 












dered and compress- 














03 X006 


If 


B. 


A. 


A. 


39. A second specimen . . . 




w 


B. 


A, 


A. 


38. Carbonate of n^ag- 












nesla powdered and 














0*45x0 04 


»» 


E. 


A. 


A. 


34. Sulphate of mnt^ncsia 


0-39x0*9 




E. 


A. 


A. 


3$, A second spccuueo .. 


0*25x0*15 




£. 


A. 


A. 


9$, Boor oonipresied ... 


0^X0-04 


1 


B. 


A. 


A. 


vr. Oxalate of oiMt ... 


0< XW» 


iFiniiiigiMliei. 


A. 


B. 


B. 



These experiments might be eoctended indefinitely^ but siiffi- 
cient aie here to enable us to deduee the kw of action. In the 
first place we notice^ that all those substances which set equa- 
torial between the points, and axial above and below thenii are 
dUtniagtietic ; while all those which set axial between the points, 
and equatorial above and below them, arc parama^He. When 
any one of the snbi^tances here named is reduced to the spherical 
form, this rotation is not observed* I possess, for example, four 
spheres of cslcareous spar, and when any one of them is suspended 
between the points, it takes up a position which is not changed 
when the sphere is raised or lowered; the crystallographic axis 
sets equatorial in all positions. A sphere of compressed car- 
bonate of iron, suspended between the points, also sets that 
diameter along which the pressure is exerted from pole to pole, 
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and continues to do so wlien raised or lowcrt d. A sjihcre of 
compressed bismuth, on the other haud, 8cts its hne of cornprcs- 
siou always equatorinl. The position taken up by the splK-res 
depends upon the molecular structurp of the substances which 
compose them ; but, when the ma>s is elongated, nnother action 
comes into play. Sucli a mass bciiii: suspended with its lenprth 
honzontal, the rejmhiun of its ends constitutes a mechanical 
couple which increases in power with the length of the mass ; 
and when the body is long enough, and the local repulsion of 
the ends strong enough, the couple, when it acts m opposition 
to the directive tendency due to structure, is able to overcome 
the latter and to determine the position of the mass. In all the 
cases cited, it was so arranged that the length of the body and 
its structure should act in opposition to each other. Tartaric 
acid and citric add cleave with facility in one direction, and, in 
the specimens used, the planes of cleavage were perpendicnlar 
to the length of the hod^. In virtue of the stmcture these 
planes tended to set eqoatonal, hut the repulsion of the elongated 
mass by the points prevented this, and caused the planes to set 
axial. When, however, the body was raised or lowered out of 
the rohere of this local repulsion, and into a position where the 
distribution of the force was more uniform, the advantage due 
to length became so far diminished that it was overcome, in 
turn, by the influence of structure, and the planes of cleavage 
turned into the equatorial position. In the specimen of salt- 
petre the shortest horizontal dimension was parallel to the axis 
of the erystalj which axis, when the influence of form is deatrayed, 
alwaya sets equatorial. A full crystal of calcareous spar will, 
when the magrietic distribution is tolerably uniform, always 
act its axis at right angles to the line joining the poles; but the 
axis is the shortest dimension of the crystal, and, between the 
points, this mechanical disadvantage compels the influence of 
structure to succumb to the influence of shape. A cube of 
calcareous spar, in my possession, may be caused to set the 
optic axis from pole to j)ole between the points, but this is 
evidently due to tho elongation of the mass along the diagonals; 
for, ^vhcn the corner of the cube succeeds in passing the point 
of the j)o]l', the mass turns its axis with surprising energy into 
the equatorial position, round which it o.^cilhites with great 
vivacity. Counting the oscillations, 1 found tiiat eighty-two 
were pcrfonned by the cube, when its axis was equatorial, in the 
time required to perform fifty-nine, when the axis stood from 
pole to pole. Heavy spar and coelestinc are beautitul examples 
of directive action. These crystals, as is well known, can be 
clovt n iato prisms with rhombic bases : the principal cleavage 
is parallel to th^ b^se of the })ri&m; while the two subordinate 
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cleavages coustitutc the sidf^s. If a short prism be suspended 
in a tolerably uniform field of force, so that its rhombic ends 
ftball be lionzontal, on exciting the magnet the short diagonal 
will set equatorial, as shown in fipr. 2. If the prism be suspended 
with its axis and the short diagonal horizontaij the long diagonal 

Fig.2. 






Fir. 3. 





Fig. 4. 




being therefore vertical, the sliort diagonal will retain the equa- 
torial position, while the a\is of the prism set*^ axial as in fig. 3. 
If the prism be suspended with its long diagonal and axis hori- 
zontal^ the short diagonal being vertical, and its directive power 
therefore annulled, the axis will take up the equatorial position, 
as in fig. d. Xow as the line which sets equatorial in diaiii;is:- 
netic bodici is that in which the magnetic repulsion acts most 
strongly *j the crystal before us furnishes a perfect example of 

* FImI. Msg. Ser. 4. tot 'iL p. 177. . 
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a substance possessing three rectangular magnetic axes, no two 
of which arc equal. In the ex])erinient cited in Table II., the 
mass was so cut that the short diagunai of the rhombic bjisc 
was perpendiculai' to the length of the specimen. Carbonate 
of tio, and the other powders^ were compressed by placing the 
powdi»r b^ween two efeaa plates of copper^ and s^ueezin^ tbem 
together in • strong vice. The line of compression in diamag- 
netie bodies always sets eqnalorialy when the field of tone 
is unifonn, or approximately so; but between points the rqmU 
sion of the ends furnishes a ooiinle strong enough to overcome 
this directive action^ causing tne longest dimenidon of the 
mass to set equatorial^ and oonseqiiently its line of oompression 
axial. 

The antithesia bctweoi the deportment of diamagnetic bodies 
and of paramagnetic ones is perfect. Between the points the 
former cbss set equatorial, the latter axial. Raised or lowered, 
the former set axial, the latter equatorial- The simple substi- 
tution of an attractive for a repulsive force produces this effect. 
A sphere of ferrocyanide of potassium, for example, always sets 
the line perpendicular to the crystallographic axis from pole to 
pole ; but wlicn we take a full ciystal, whose dimension along 
its axis, Rs in one of the cases before us, is six Umps the dimen- 
sion at right angles to the axis, the attraction of the ends of 
such n mns«? is sufficient to overcoTnc the directive action diie to 
strurturc, and to jnill the crvstul into the axial position between 
the points. In a ticid of uniform force, or between flat pules, 
the length sets equatorial, and it is the partial attainment of 
Bucli a held, at a distance from the points, that causes the crystal 
to turn from axial to equatorial when it is raised or lowei-ed. 
Beryl is a ]iaramagnetic crystal, and when tue influence of form 
is annuUed, it always sets a line perpendicular to the axis of the 
crystal from pole to pole; a cube of this ciTstal, at present in 
my possession, shows this deportment whether the poles are 
pointed or flat ; but in the specimen examined the dimension of 
the ciTstal along its axis was greatest, and hence the dmntment 
described. It is needless to dwdl upon each jmrticular para- 
magnetic body : the same principle was observed in the preuara^ 
tion and choice of all of them ; namelyj that the line whioi^ in 
virtue of the internal structure of the substance, would set ajoalj 
was transverse to the length of the body. The diiective aetioB 
due to structure was thus brought into opposition with the 
tendency of magnetie bodies to set iheir longest dimension from 
pole to pole : between the points the latter tendency was trium^ 
phant ; at a distance, on the contrary, the influence of strueturs 
prevailed. The substance which possesses this directive action 
m the highest degree is carbonate ef iron: when a loieng^ 
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cloven from the crystalline mass, is suspended from the antrle 
at which the cry^tallographic axis issues^ there is great difficulty 
in causing the plate to set axial. If the points are near, on 
exciting the magnetism the whole mass springs to one or the 
other of the points; and when the ])< mt?? are distant, the plate, 
although its length may be twenty tiiucs its tliickness, will set 
strongly equatorial. An excitation by one cell was sufficient to 
produce tliis result. In the expcriiutnt cited the residual mag- 
netism was found to answer best, as it permitted the ends of 
the plate to be brought so near to the points that the mass was 
pulled into the axial position. A¥hen the magnet was more 
strongly excited, and the plate raised so far above the points as 
to prevent its ^})riuging to either of them, it was most interesting 
to watch the struL'"£rle of the two opposing tendencies. Neither 
the axial nor the equatorial position could be retained ; the plate 
^v()llltl wr(>nch itself spasmodically from one position into the 
other, and, like the huumn spint operated on by conilicting 
passions, find rest nowhere. 

The conditions wiiich determine the curious effects described 
in the present chapter may be briefly expressed as folluvvs : — 

An elongated diamagnetic body being 8us})ended in the 
magnetic field, if the shortest horizontal dimension tend, in 
virtue of the internal structure of tlu substance, to set equatorial, 
it is opposed by the tendency of the longest dimension to take 
up the same position. Between the pointed poles the influence 
of length usually predominates; above the points and below 
them the directive action due to structure prevails. 

Hence, the rotation of mch a diamagnetic hndy^ on being raised 
or iowertd, is always from the equatorial to the uxtal position. 

If the elongated mass be magnetic, and the shortest di incus ion 
of the mass tend, in virtue of its structure, to set from pole to 
pole, it is opposed by the tendency of the longest dimension 
to take up the same position. Between the points the influence 
of length 13 pammount ; above and below the point* the influence 
of structure prevails. 

Hence, the rotation of magnetic bodies, on being raised or 
lowered, is always from the axial to the equatorial position. 

The error of the explanation which referred many of the above 
actions to the presence of two conflicting forces, one of which 
diminished with the distance in a quick(;r ratio than the other, 
lies in the supposition, that the nssuining of the axial position 
proved a body to be magnetic, while the assuming of the equa- 
torial position proved a body to be diamagnetic. This assump- 
tion was perfectly natural in the early stages of diamagnetic 
research, when the modification of magnetic force by structure 
was unknown. Experience however proves that the total masa 
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of a magnetic hody oontiiittet to be attracted aftef it haa aamuned 
the equatorial poeition, while the total mass of a diamagnetie 
body continuee to be repelled after it haa taken up the axial 
one. 

III. On the Distribution op the Magnetic Force 

BETWEEN TWO FlaT VoLES. 

Tn cxpcriinonts where a uiiifonn distribution of the magnetic 
force IS di su able, flat jjolcs, or magnetized sui i'accs, liave been 
recommended. It has long been known that the force {)rocced3 
with great energy from the edges of such poles : the nu rease 
of force from the centre to the cmIl^c has been made the subject 
of a special investigation by M. von Koike*. The central portion 
of the magnetic field, or space between two such magnetized 
surfaces, has hitherto been regarded as almost perfectly uniform, 
and indeed for all orduiaiy exi)eriments the uniformity is suffi- 
cient. But, when we examine the field carefully, we find that 
the uniformity is not perfect. Substituting, for the sake of 
convenience, the edge cjf a pule fur a point, I studied the phac- 
nomeiia of rutatiou described in tlie last section, m a great 
number of instances, by comparing the deportment of an don- 

Sted body, suspended in the centre of the space between two 
t poles, with itB deportment when sumoidea between the top 
or the bottom edges. Having found that the fibre of wood» in 
maases where form had no inflnencei alwaya act equatorial, I 
propoaed to aet thia tendency to contend with an donnition of 
the maaa in a direction at right angles to the fibre. Tor thia 
purpo^ thirty-one little woo&n bara were carefully prepared 
and eiamined, the length of each bar being about twice its width, 
and tihe fibre coinciding with the latter dimenaion. The bars 
were auapended from an extremely fine fibre of cocoon ailk, and 
in the centre of the magnetic field each one of them set ita 
length axial and consequently ita fibre equatorial. Between the 
top and bottom edges, on the contrary, each piece set its longeat 
dimenaion equatorial, and, consequently, the fibre axial. 

For aome time I referred the axial setting of the mass, in the 
centre of the field, to the directive action of the fibre, though, 
knowing the extreme feebleness of this directive action, I was 
surprised to find it able to accomplish what the experiments 
exhibited. The tlmn G:ht suggested itself, however, of suspending 
the bars with tlir tiln e vertical^ in which position the latter could 
have no directive inllueiice. iicre also, to my surprise, the 
directive action, though slightly weakened, was the same as 
before : in the centre of the field the bars took up the axial 
position. Bars of sulphur, wax, salt of hartshorn, and other. 

* PoggendodTa iiwMi^, vol. Ixui. p. 321. 
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diamagnctic substances wci-e next examined: tlicy all acted in 
the same nmnner as the wood, and thus showed that the cause 
of the rotation lay, not in the structure of the substances, but 
in the distribution of the macrnctic force around them. This 
distribution in fact was oucli, that the straight line which con- 
nected the centre of one pole with that of the opposite one was 
the line of weakest force. Ohm i^epresents the distribution of 
electricity upon the surfaces of conductors by regarding the 
tensions as ordinatcs, and ercctinp: them from tlic points to 
which they correspond, the steepiit-ss of the curve formed by 
unitini^ the ends oT the ordinatcs bcinp: the measure of the 
increase or diminution of tension. Taking the centre of the 
maGcnctie field as the origin, and drawing lines axial and equa- 
torial I if erect the magnetic tensions along these lines, we 
shall tiad a steeper curve in the equatorial than in the avial 
direction. This may be proved by i3U.s|>endiMg a bit of carbonate 
of iron in the centre of the magnetic field; on exciting the 
magnet, the su-spended body will not move to the nearest portion 
of the flat pole, though it may be not more than a quarter of 
an inch distant, but will move equatorially towards the edges, 
though they may be two inches distant. The little diamagnetic 
bars referred to were therefore pushed into the axial position by 
the force acting with superior power in an equatorial direction. 

The residts just described are simply due to the recession of 
the ends of an elongated body from places of strunger to those 
of weaker force ; but it is extremely instructive to observe how 
this result is modified by structure. If, for example, a ])late 
of bismuth be suspended between the poles with the j)laue of 
principal cleavage vertical, the plate will assert the equatorial 
position from top to bottom j and in the centre with almost the 
same force as between the edges. The cause of this lies in the 
gtnieturc of the bismuth. Its position in the field depends not 
so much upon the distribution of the magnetic force around it, 
as upon the direction of the force throvyh it. I will not, however, 
anticipate matters by entering further upon this subject at 
present. 

iv. cokpabatitx vlbw of paaamaanxtic and dlakaiqxxtio 

Phjknouena* 

1 . State of DiamoffneHc Bodies under Mastic Irrfhtenee* 

"When a ])iece of soft iron is brought near to a magnet, it is 
attractfjd by the latter: this attraction is not the act of the 
niaguel aluiio, l)iit results from the mutual action of the magnet 
and the body upon which it operates. The soft iron in this 
case is said to be magnetized by influence ; it becoincs itself a 
magnet, and the intensity of its magnetization vanes with the 

run. Mag. 4, Vol, 10. i\o. 65. SepU 1855. N 
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^fength of the infinencing magnet. Fciaion figured the, aot 
of mtgnetizatioQ as <sf)ntiatiDK of the daoomposkion of a neatnl 
magnetic fluid into north ana eouth magnetiam^ the amount of 
^ decomposition beiog proportional to the strength of the 
ipagnet which produces it. Ampere, discarding the notion of 
magnetic duids, ligurcd the molecules of soft iron aa aurrounded 
comnta ol electricity, and conceived the act of magnetiaation 
to consist in setting the planes of these molecular currents 
parallel to each other : the degree of parallelism, or in other 
i^ords, the intensity of the magnetization, depending, as in 
Foi88o?i'^ hypotheaiB, upon the atrength of the influencing 
inagfu't. 

. The state into whieh the soft iron is here supposed to be 
thrown is a state of constraint, and when the magnet removed, 
the substance returns to its normal condition. Poisson'a sepa- 
rated liuids rush together once more, and Amju re's molecular 
currents return to their former irrpfrular positions. As our 
knowledge increases, we shall probably tind both hypotheses 
inadequate to represent the phamoBicna; the only thing certain 
is, that the soft iron, when acted upon by the magnet, iii thrown 
mto an unusual coudiiion, in virtue of which it is attracted ; and 
that the intensity of this condition is u luuctiou oX the iurce 
which produces it. 

• There are, however, cciLum budics which, imlike soft iron, 
ofer a great resistance to the imposition of the magnetic state^ 
but when once they are magnetized thoy do not, on the removal 
of' the magnet, return to their neutral condition, but on the 
•ontcary retain ihe magnetiam impreaaed on them. It is in 
^rirtne of tliip quality that ateel can be formed into compaaa 
needlea and pennanent magneta* Thia poorer of reaiatance and 
Rtention ia named by Foiaion ooerd?e force. 

Let na conceive a body already n^agnetiied, and in whidi 
^oeicive force eziata in a very high degree— a piece oif very hard 
ateel for eiample— to be bron^t near a magnet^ the atrength 
of which ia not anfficient to magnetiie the ateel further. To 
simplify the matter let us fix our attention upon the south pole 
of the magnet, and conceive it to act upon the north pole of the 
piece of ateel. Let the magnetism of the said south pole, 
referred to any unit, be M, and of the north pole of the 
ateel, M'; then their mutual i^traction, at the Unit of diatacno^ 
id expreaaed by the product MM^ Conceive now the mag^iet 
to increase in power firom M to tiM, the steel being still supposed 
liard enough to resist magnetiaation by influence ; the mutual 
attraction now will be 

wMM', 

«r .iitimea the former attraction; hence when avanable magn 
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n€iic poh acts m an opposite one of Constant power, the attrac-r 
Jion is propoi tioiial to the strength of the former. 

Let 119 now take a body wliose magnetization varies with that 
of the magnet : a south pole of the strength M induces in such 
a body a north pole of the strength M'^and the attraction wldch 
leaoUa irom their mutual action is , i 

MM'. 

LetAe stTength of the influencing south pole increase fromt 
M to nM j then^ assuming the magnetism of the body under 
influence to incxease in the same ntio, the atiength of the afaovC' 
mentioned north pole will become nW, and the attiBCtionf 
expressed by the product of both, will be 

that is to say, the attrac tion of a body inagnetiaed by influencej 

and whose magnetism varies as the strength of the influencing 
magnet, is proportional to the square of the strength of the latter. 

Here then is a mark of distinction between those bodies which 
have then* power of exhibiting magnetic phirnoTncna c jutcircd 
upon them by the magnet, and those whose actions are dependent 
upon some constant propcitv of tlie mass : in the latter case 
the resultant action wiii be dimply proportiunal to the strength 
of the niairnet, ^vhile in the former case a diiierent law of actiun 
will be observed*. 

The examination of tliis point lies at the very foundation of 
fiur infjuirics into the nature of the diamagnetir force. Is the ' 
r( ]>alsi()u of dianiui^netic bodies dependent merely on the mass 
considered as ordinary matter, or is it due to some condition 
impre«;srd npon the mass by the influencing magnet ? This 
question admits of the most complete answer either by eom])aniig 
the increase of repulsion with the increa!5e of power in the mag- 
net which prodnees the repnhion_, or bv comparing the attraction 
of a paramagnetic body, which we know to be thrown into an 
unusual coiulition, with the rejnilsion of a diamagnetic body^ 
whose condition we wonhl nscertain. 

Bars of uon and bismuth, of the same dimensions, were 

fi«b!nitted to the action of an electro-magnet, which was caused 

gradually to increase in power; commencing with an excitation 

by one cell, and proceeding up to an excitation by ten or fifteen. 

Tne strength of the current was in each case accurately measured 

by a tanizrnt galvanometer. Tlie bismuth bar was suspended 

between the two Hat polesj and, when the magnet was excited, 
♦ f 
* This test wss tot pomted out in a paper on tiie Polariw of Bismuth^ 
Plfl. Mag. Nov. 1861, p. 33.3. I Iiave reason, however, to know that the 
same th might ooconed lo M, Poggendorff prsfioas to tlie pnbficttion ol 
"^PlPe*.— J.T, , 

N2 
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took up the equatorial position. The iron bar, if placed directly 
between the poles, would, on the excitation of the magnetism^ 
infallibly spring to one of them ; hence it was removed to ft 
distanee of 2 ibet 7 indies from the centre of the space between 
the poleSj and in a direction at light angles to the line whidi 
united them. The magnet being excited, the bar was drawn 
a little aaide from its position m eqaiUbrium and then libe* 
rated, a series of oadllattons of very small amplitude followed, 
and the number of oscillations accomplished m a minute was 
carefully ascertained. Tables III. and lY. contain the results 
of experiments made in the manner described with bars of iron 
Imd bismuth of the same dimensions. 



Table III. 

Bar of soft iron. No. L ' 
length 0*8 of an inch, 
width 0*18 of an inch, 
depth 0*15 of an inch. 

Sticngkh of CQiimt. Attnustunii 



188 
214 
248 

274 
828 

362 
385 
411 



168^ 
204^ 
258^ 
276« 

313« 
347« 
374» 
885« 



Table IV. 



Bar of bismuth, 
length 0*8 
width 018 
depth 0*15 

Sticiiftlh of enirmt. 
78 
186 
184 

226 

259 
287 . 
3 11 
377 
411 



No.l. 
of an inch, 
of an inch, 
of an inch. 



Hepi 
78« 
185« 
191* 
226« 
259* 

359^ 
886' 



Tlicsc experiments prove, that, up to a stren^h of about 280, 
the attractive force operating upon the iron, and the re])ulsive 
force acting upon the bismuth, an* each accurately ])roportional 
to the square of tlu- strength ui tiic magnetizing current. For 
higher powers, both attraction and repulsion increase in asniallci' 
ratio; but it i8 lieie sufficient to show that the diamagnetic re- 
pulsion follows precisely the same law as the magnetic attraction. 
So accurately indeed is this paraHdism obaerved, that while the 
fmcB at the top of the tables produce attractions and repnloons 
Cisctly equal to the square of the strength of the coirenty the 
Mme strength of 411 , at the bottom of both tables^ produces in 
iron an attraction of 885*, and in bismuth a repulsion of 886^^ 
The numbers which indicate the strength of current in the first 
column are the tangents of the deflections observed in each caae : 
neglecting the indicesj the figures in the second column express 
the number of oscillations accomplished in a minute, multiplied 
by a constant &etor to facilitate comparison : the fovcca open* 
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til] 2: upon the bars being proportional to tlie squares of the 
nuijilif r of oscillations, the simple addition of the index figure 
completes the expression of these forces. 

In these experiments tlic bismuth bar set across the lines of 
magnetic force, while the bar of iron set a/oTi/7 them ; the former 
was 80 cut froiji the crystalline mass, that tlui plane of pniu ipal 
clcavaprc was parallel to the length of the l>ai , and m the experi- 
ments hung vertical. I thought it intei cstiiiii; t o examine the 
deportment of a bar of bismnth which should occupy the same 
position, with rcirard to the lines of I'orce, as the bar of iron; 
that is to say, which should set its length axial. Such a bar is 
obtained when the planes of principal cleavage aic tfuusverse to 
Uie length. 

iiar of bismuth^ No. 2. 

Length 0*8 of an inch ; width 0*18 of an inch ; depth 0*15 

of an inch. 

Set axial between the excited poles* 



Strength of euirent. 


Repuliioii. 


68 


67* 


IS% 


IBP 


218 


2l» 


248 


M» 


274 


%7V 


816 


800» 


864 


850> 


401 


868* 



A deportment exactly similar to that exhibited in the fore- 
going cases is observed here also : up to about 280 the repul- 
sions are accurately proportional to the squares of the current 
strengths^ and from thia point forward they increase in a less 
ratio. 

A paramaprnctic substance was next exaniincd which set its 
length at right angles to the lines of magnetic force: the sub- 
stance was carbonate of iron. The native crvslallized mineral 
was reduced to powder in a mortiuv, and the powder was com- 
pressed. It was suspcnded_, like the bisitiiuli, between the ilat 
poles, with its line of compressiou horizontal. When these poles 
were excited, the compressed Ijai- set the line of pressure from 
pole to pole^ and coubei^ueuLiy its length equaturid. 
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Table VI. 
fiar of compreased carbonate of mm. 

Length 0*96 of an inch ; width 0-17 of an inch ; depth 0*23 

of an ineh. 

Sei equatorial between the excited pole§. 



Stiength of duient. 


Attraction. 


74 


74* 


135 


138« 


179 


180* 


214 


218« 


249 


248« 


277 


280« 


341 


330« 


381. 


353« 



It IB needless to remark upon the perfect simihirity of deport* 
ment here exhibited to the casps previously recorded. 

In the foUowii^ inataneea tiie lan^ law of inemae is obser- 
vable. 



Table Vn. 

Sulphate of iron, No. 1. 
length 0 75 of an inch. 
Width 0*22 of an inch, 
depth 0*27 of an inch. 

Sei axial between the excited 
poles* 

Stnaglb of cuRCQt. Attraction. 
71 702 

in i38« 

217 220^ 

328 333^ 
359 848* 



Table VIII. 

Sulphate of iron, No. 2. 



ength 0*75 of an inch, 
width 0'22 of an jncb. 
depth 0*27 of an inch. 

Set equatorial between the ej^ 
dtedpolee. 

Strength of eunent. Attraction. 

70 68« 

1?1 128« 

203 ?07« 

271 268^ 

881 808« 

870 884^ 



111 sulphate of iron there is one direction, whicli, in virtue of 
tlic Miolccular btructure of the substance, sets strongly from pole 
to ])<)le. The bar No. 1 was so eut that this direction wiia 
parallel to its length, which therefore set axial; while No. 2 liad 
the same direction across it, thus causing the length of the bar 
to set equatorial. 

Two comparative series were finally made with two prisnia of 
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iron and of bismuth, moie manive ,ihan those previoosly 6K« 
«nuned« 



Table IX. 

Bar of iron. No. 2. 
length 10 inch, 
width 0*3 inch, 
depth 0*8 inch. 

Itapengtli of eonent* Attnetiini* 

70 71« 

128 132* 

167 168^ 

206 204> 

268 260^ 

822 811< 

856 839* 



Tabic X. 

Bar of bismuth, No. S. 
length 1*0 inch, 
width 0*3 inch, 
depth 0*8 inch. 



Stnnglh of cunent* 


Scpntaii 


70 


72* 


126 


121« 


164 


166» 


206 


205« 


246 


248« 


276 


279- 


864 


844;^ 



These experiments can leave little doubt upon the mind, that 
if a magnetic body be attracted in virtue of its being converted 
into a magnet, a diamagnetie body is repelled m vtrte of iti 
being converted into a ditmognet^ On no other assumption can 
it be explained, ^vhy the repulsion of the diamagnetie body, like, 
the attraction of the Tiiaguetic one, increases in a so much quicker 
ratio than the force of the magnet which produces the repulsion* 
But, as this is a point of great importance, I will here introduce 
corroborative evidence, dorivcd from modes of experiment totally 
different from the method already described. By a series of 
measurements with the torsion balance, in which the attractive 
and repulsive forces were determined directly, with the utmost 
care, the relation of the strenf^tli of the magnet to the force 
acting upon the substances named in Tables XI.^ XJL^ and XIII. 
was found to be as follows > 



Table XL . Table XII. 



Spheres of native sulphur* Spheres of carbonate of lime. 



StKllgih of 


Baiioof 


Stmigth of 


Ratio of 


imgBct* 


repuUions. 


magnet. 


zepulsioDB. 


96 




134 


134« 


158 


158^ 


172 


173* 


222 


2242 


213 




265 


264« 


259 


264« 


816 


316* 


310 


31 P 






370 


874»; 
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Table Xlil. 
Spheres of carbouate of iron. 

Strength of magnet. RnUo of atti actiuus. 

GG GG- 

89 89* 
114 114« 
141 Hl« 

In confirmation of these reaaUs I will cite a series obtained 
by M. 11. Becqucrcl*, whose expcrimenta first showed that the 
repulsion of (lianiapmetic bodies follows the same law as the 
attraction of magnetic ones. 

Bar of 8ul])hur. 

Length 27} nuUiiiis. ; wcij^ht 840 ttiilliirnns. 

Squares of the Quotients of the repulsions 

magnetic inteitsiticSi by the mtu'uctic iuteusities. 

86-58 

27*60 0*929 

26*84 0*906 

16*88 0*920 

The constancy of the quotient in the second column jnovcs 
that the ratio of the repidsions to tiiii st^uuics of the uiaguctic 
intensities is a ratio of equality. 

I will also cite a series of experiments by Mr. Joale-f^ which 
be adduces in eonfimiation of the results obtained hf M, E, 
Beoqueiel and myself. 

Bar of bismuth. 

Strenath of nssnet. Repnlsioiii. 
1 V 
% 2« 
4 4^ 

Let us contrast these with the results obtained by the same 
gentleman^ by permitting the magnet to act upon a bard mag- 
netic needle. 

Magnetic needle. 
Length 1*5 of an inch. 

Strenirth of magnet. Attmctioa. 

1 1 

2 2 
4 4 

* Annahsi do Chimie et de PhyriqwB, M series^ TOl. IXTlii. p. 302. 
t Pbil. Mag. 4th aenes, toI. iii. p. 212. 
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Here we find eiperiment in strict aceordtnce with the theo- 
retical deduction stated at the commencement of the present 
chapter. The intensity of the magnetism of the steel needle is 
constant, for the steel resists magnetisation by influence ; the 
eonscquence is that the attraction is simply proportbnal to the 
strength of the magnet* 

A consideration of the evidence thus addaced from indepen* 
dent sonrces, and ohtained by different methods^ must, I imagine, 
render the conclusion certain that diamagnetic bodies, Hke mag« 
netic ones, exhibit their pheenomcna in virtue of a state of mag- 
netization induced in them by the influcneing magnet. This 
conclusion is in no way invalidated by the recent researches of 
M* Pliickcr, on the law of induction in paramsgnetic and dia- 
magnetic bodies, but, on the contrary, derives support from his 
experiments. With current strengths which stand in the ratio 
of 1 : 2, M. Pliicker finds the repulaiou of bismuth to be as 
1 : 8*62, which, though it falls short of the ratio.of 1 : 4, as the 
law of increase according to the square of the current would have 
it, is snfficient to show that the bismuth was not passive, but 
acted the p;ni of an induced dinniagnet in the experiments. In 
the case of the soft iron itseii, ^I. Pliicker finds a far greater 
divrrtrcTicr ; for here current.-^ which stand in the ratio of 1 :2 
produce attractions only in the ratio of 1 : 2*76* 

2. DuMy of DiamagnHic Esmtemmii, 

Having thus safely established ihe fact that diamagnetic 
bodies arc repelled, in virtue of a certain state nito \s liich they 
arc cast by the intlucnciiig magnet, the next step of our inquiry 
is ; — Will the state evoked by one magnetic pole facilitate, or 
prevent, the repulsion of the diamagnetic body by a second pole 
of an opposite quality ? If the force of repulsion were an action 
on the mass, considered as ordinary matter, this mass, being 
repelled by both the north and the south }>ole of a magnet, when 
they operate upon it separately, ought to be repelled by the sum 
of the forces of the two poles where they act upon it together. 
But if the ezdtation of diamagnetic bodies be of a Au^ natore, 
as is the case with the magnetic bodies, then it maybe expected 
that the state excited by one pole will not ftdlitate, but on the 
contrary prevent, the repulsion of the mass by a second opposite 
pole. 

To solve this question the apparatus sketched in fig. 6a. 
Plate lY. was made use of. AB and CD are two helices of cop* 
per wire 12 inches long, of 2 inches internal, and of 5^ inches 
external diameter. Into them fit soft iron cores 2 inches thick : 
the cores are bent as in the figure, and reduced to flut surfaces 
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jlong the Itiw 4^ mi thil.wlite ihA tuo semicylindfUNd endi aie 
^aced togftliery'tbcy constitute a g^Under of the aune diameter 



pure biamath ffh was suspended by cocoon silk ; by imparting* 
little tpnion to the fibre^ the end of the bar was caused to pieaa 
gently 'i^nst a plate of glasatA:^ which stood between it and the 
magneta. By means of a current reverser the polarity of one of 

,the cores could be changed at pleasure ; thus it was in the experi- 
jnenter's power to excite the cores, so that the poles PP' ahottid 
be of the same quality, or of opposite quaUties. 

The bar, being held in contact with the glass by a very feeble 
torsion, m current was sent round the cores, so that they ])rL'- 
.sented two poles of the sainc name to tbc suspended bisrnntli ; 
the latter was promptly repelled, and receded to the position 
dotted in the ficrnre. On interrupting the cnrrent it returned 
to the glass as before. The cores were next excited, so that two 
poles of opposite qualities acted upon the bismuth; the latter 
remained perfectly uumovcdf. 

This expti nnent shows that the state, whatever it may be, into 
which bismntli i» cast by one pole, so far from being favourable 
to the action of the opposite pole, completely neutralizes the 
effect of the hitter. A perfect analoiry is thus established between 
the deportment of the bismuHi and lliat of soft iron inider the 
same circumstances ; for it is well known that a similar neutral- 
ization occurs in the latter case. If the repulsion depended upon 
the abstract strength of the poles^ without reference to their 
pi^ity, the repul^ion^ when uie poles aie of opposite names, 
on|^t to be gr&ater than when they aie alike ; for in the former 
«ase the poles we greatly strengthened by their mutual inductive 
fictkm, whiley in the latter case, they are enfeeUed by the same 
eanse* But the fact of the repulsion bemg dependent on the 
quaUty of the pole, demonstrates that the substance is capable 
of assnming a eondition peculiar to each pole^ or in other wor ds, 
is capabh) of a dual excitation t> The expeiimeiits horn which 

* 1%eeiid»of theseimeylinder8weretiiraedaoaslopi«aaiftthebhm(Bd 

9ipex of a cone to the mass of bismuth. 

t A shorter bar of bismuth tliaii tlint lure sketched, with a hght iudex 
attached to it, makes the repulsion more evident, it may be thus rendered 
▼inUe thrmighoiit a large lectufe^foom. 

X Since the above was written, the opfauon has been exporessed to me, 
tlKif the action <if tlie unlike poles, in the experiment before us, is "diverted" 
from tiie bismuth upon each other* the absence of repuLuon being due to 
this diversion, and not to the neutralization of inductioiis m the mass of 
the binnnth itaelf. Many, however, wUl be inflaeoeed by tfie argument 
at Ifeite4 in the text, who would not accept the interpretation referred to in 
this notes I therefore let the argument stand, and hope «t no distant day 
to return to ike subject.— J. T., May 5, 1655, 



as the cores within the helices*. 
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these conclusions are drawn are a niauUeat corroboration of those 
made by M. Reich with steel magnets. 

If we suppose the flat surfaces of the two semicylinders which 
constitute the ends of the cores to be in contact, and the cores 
so excited that the pules P and P' are of dilicrcnt qualities, the 
arrancrcment, it is evident, forkiia a true electro- magnet of the 
horseshoe iorm ; and here the pertinency of a rciiiui k made by 
IVI. Poggcndorff, with his usual clearness of perception, becomes 
manifest ; namely, that if the repulsion of diauiagnetic bodies be 
an inditlVrent one of the mass merely, there is no reason why 
they should not be repelled by the centre oi a magnet, as weU 
as by its ends. 

[To be continued, j 



XXI. On the JFknc^tofi 0/ Salt m AffrieuUwre. By A. Bxau« 
CHAMP NoBTHCOTB, Esq,, SentOT Aasiitani tn the Royal CoU 
lege of Chemistry** 

THE employment of salt in agriculture has been of late years 
so much extended, that the question of the advantages 
derived from its use, which foimerly gave rise to so many discus- 
sions, can no longer be raised. Such an accumulation of facts 
with regard to its action has now taken place, that it is only 
necessary to pass judgement upon the evidence recorded; and 
as the practical results which have been obtained by its judicious 
application have been all more or less of a beneficial tendency, 
the verdict crivrn cannot fail of being in its favour. It seems tb 
be an incontrovertible fact, that the application of salt to certaiu 
lands does increase the ir fertility, and improve the character of 
the crops grown upon them; and if this is the case, it is most 
desirable that we should have as clear an idea as possible of the 
rn firm ale of its action. 1 do not in the present paper profess to 
supply this explanation, although I hope that the experiments 
which I am about to detail may serve to throw some light upon 
a somewhat obscure subject. 

It has long been held that the bcneritial action which salt 
exf rts upon soils 's due to a power which it possesses of fixing 
animoTiia, and witn this view it has frnqucntly been spread over 
the sudaci; of dung-heaps, or other Drf^miic matters decomposing: 
into manures (somrtiuK ^ also hcint; uiixcd np with tlKMii). w ii]] 
tlir view of preventiML^ tlu" escape of the ammoma jjroduccd ui 
the course of ercmacausis : in some cases success has attended 
these trials^ and in some, failure. The question of its absorption 
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of the ammonia eliminated duiing these changes, is a matter, 
the investig^ation of which must necessarily be attended with 
great difficulty; but with respect to its capability of such ab- 
sorption, I am informed by uiy friend Mr. Prideaux, that be 
has habitually oljscrvcd that salt mixed with guano retards the 
exhalation oi ammonia iiom the latter; and he has directed 
my attention also to some experiments* conducted by M. Barral, 
one of which proves this point in a remarkable degree. ^I. liar- 
ral exposed to the air for tit teen days, equal w eights of guaoo, 
and of gi;an() previously mixed with half its weight of salt : the 
amount oi nitrogen in each being determined at the end of that 
time, he Ibuud that the pure guano had lost 11*0 per cent, of 
its nitrogen, whilst that mixed with salt had lost only 5 pt r cent. 

Before entering, however, upon the experiments which I ha\'. 
made upon this subject, and which I may here state have extlu- 
sivc reference to the absorption of ammonia, I will give the ana- 
Ij^ses and table ui constituents calculated from them, of three 
specimens of agricultural salt which I have exammcdf. 



Table of direct xesults of Analysis calculated to 100 parts 

of the dry salt* 





Mo. I. 


No. II. 


Mo. III. 


Portion soluble in Witer* . . 


98*174 






contiina— 










49*351 


51841 


5O^790 




1'7I1 


•498 


-598 




-m 


•112 


•111 






58*928 


57-217 






1*424 


2046 




tnoe 


tllM 


titoe 


Portion insoluble in water 




•480 


«-197 


€OlltaiDS^ 


•064 


trace 


•076 




•038 


•013 


•037 




•026 


•017 


•479 




•161 


*I16 


•319 




trace 


trace 


trace 




•792 


•190 


1044 




•091 


•014 


•099 




•654 


•180 


•180 




lOOUUO 


100*000 


100-OUOj 



. * Edinburgh Quarterly Journal of Agriculture, Afiril 1856. 

t The three specimens of which the analyses are giTcn were all produced 
from the Wnrccstrrshiro ])rine-sprino:s ; No. T. being from Mr. Corbett'i 
works nt Stoke Vvior; .Nos. II. find III. from Messrs. Clay andl^ewman's 
md Mr. Is oak's works at Droitwicb, rc8pecti?dy. 
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Table of Constituents calculated t ) 100 j-art'? of the dry salt. 





No. I. ' 


No. II. 


No. III. 


Sulphate of Ihne ... 
Sulphate of magnesia 

Sulphate of soda ... 
Chloride ol ftodium ... 

Soluble in water... 

By experiment... 

Cnrbnntite nf lime ... 
t ar bonatc of magn^ia 
Phosphateof ■lomina 


4*155 

•252 
3 388 
90^342 


M97 

•336 
•880 
97- 106 


1«440 

•330 
1734 
94-287 


99*137 

98174 

•114 

•079 

Inoe 

•026 

•161 

•792 

•654 

1-826 


99-519 

99-520| 

trace 

•027 

trace 

•017 

•116 

•190 

•180 

•480 


97*791 

97-803 

•135 

•077 

trace 

•472 
* ^319 
1*044 

•150 

2-197 


Sesrjiiioxide of iron 


Inaoluble in water 













Since the ammonia w^choccon in natore, whether elimmatcd 
directly from decaying oi^mc matters^ or existing as atmosphene . 
ammonia^ is invariably in the immediate presence of au enormous 
excess of carhonic acid^ we may safely conclude that it is always 
in the state of carbonate ; and as^ on the onehand^ it is brought 
down to the earth from the atmospheric regions dissolved in rain 
or dew, and, on the other, when met with in the salt itself, is 
usually in the presence of abundance of moisture, we may infer 
that the carbonate of ammonia is presented to absorbent agents 
in the soil for the most part in a state of solution. I do not 
think, therefore, that any irreat departure froni the natural coui sc 
of thinjz:9 can l)e alleged aganist the followniLr experiments, which 
have been luadc with a ^^olutloti of the commeieial so-called ses- 
quicarbonate of ammonia^ contammg 4*3 per cent, oi ammonia 
(NH*0). 

Taking, then, these specimens of agricultural salt in the state 
in which they are ;<u])plii'd at th(; snlt works^i, tlic first thing was 
to ascertain whether auy aljsurjjtiuu occurred upon mixinu: them 
in that condition with this solution of carbonate of ammonia. 
Quantities of from 2 to 3 ozs. of the salts were placed in wide- 
mouthed bottles, and small quantities of the standard ammonia 
solution add( cl ,cuiitainingaii absolute amount oi ammonia (NH'*(3) 
var) lug from ' !."> to -04' of a grain. The contents of the bottle 
were shaken together, and an extremely delicate red litmus-paper 
inserted ; it was completely blued in a minute or two ; and as the 
same action took place after allowing the salt and ammonia solu- 
tion to remain all night in contact^ the fact that do absorption 
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had Qoeonod was considered to be dearly proved. - Water was 
tHen added in quantity Jn^t sufficient to moisten. Uie saltj and^ 
iipon the re-insertion ox the test-paper^* a diminished blueing : 
showed that the ammonia was being absorbed* ; water was again \ 
added, yet in insufficient quantity to dissolve the whde of the 
salt^ and the action upon the litmus was gone. In this way, by 
alternating the addition of the ammonia and the solution A the 
saltj the presence of the ammonia might be rendered more or less 
distinct, or unrecognizable. The reality of the absorption was 
thus rendered undeniable ; and it was equally evident that the so- 
luble portion of the salt contained the absorbing agents^ since the 
disappearance of the ammonia bore a direct proportionto the com- 
pleteness of tl^eir solution. It then became a question as to which 
of the constituents of the soluble portion this agency was due. 

Now the chloride of sodium beinp: the larp^est ingredient, it 
was desirable at once to ascertain tlie part which it played in the 
matter: a saturated nnlntion of the pure substance was therefore 
prepared, measm-ed quantities of it taken, jdaced in bottles, and 
shaken with successive portions of carbonate of ammonia solu- 
tion until a decidedly bhie tinge was produced in tlie litmus- 
paper, which, for the purpose of hax iutr a standard test, was left 
enclosed in the atmosphere within tlie buttle for the 4»pace of live 
minutes. A> the auiount of ammonia added approached the 
maximum, its ubsorptiou became correspondingly sluivcr, and it 
was necessary to leave it in contact with the salt solution for 
periods of from one to twelve hours; a point was, huwever, 
always reached at which a certain tinge of colour was communi- 
cated to the |>a}ier, I lie in tensity of which was not Ic&tiened if the 
teat was a})plicd again ailLi u lapse of several days. 

The following arc the results which I have obtained in expe- 
rimenting with a saturated solution of pure chloride of sodium 
in the above manner : — 

m 





too grains of saturated roIu- 
tian of pure chloride of 
■odium «U1 abwrb 


Hence 1 oo zminn of solid 
chlohde of lodium will 


I. 
II. 
in. 


<mi grain of NHH>. 
•0233 do. 
-0292 do. 


•1222 grun of^'H^. 
•0681 dik 
•109; do. 


Mean , | -0283 dOw 


■i(Mk; do. 



These numbers require a slight correction to make them tfaacK 
lutely true expressions for the tbsorbing power of chloride of 

* With regard to tho (leliciirv of the Utmus-paix r bcre eranlovcd, T may 
fct&te that a quantitj' of the ammonia solution couunmiig "Ol of a grain of 
KfiH>» hfiinig plaeed in an emptor botde« the paper was inSsiusly blued 
fJlaoit iMin^iisitely sftsr hs iasertioii. . , ^ 
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ioduuii, because, in addition to the triflinc: excess unavoidably 
ttddtjil ni ordi r to obtain the bhie tint on the litmus-paper (which 
is so slitrht that it need not, and indeed could not, be regarded), 
the wiiLcr ui which the salt is dissolved exercises a c rtain amount 
oi ab&oq)tion : this is not, howcx cr, much ; the (|uaiitUy uf water 
contained in the above 100 grains of saturated sohition maskuig 
•0046 of a graiu ut ammonia (Nll^Oj, wliu b wuuld make the 
true aijiouiit absorbed by 100 grains of salt buhition, '(MS7 of a 
gram ; luid that abiorbed by iOO grains of solid salt, *0893 of a 
grain. This, however, will not alFect the subsequent experiments. 

But the amount of auunonia absorbed by this constituent, 
altlie)Uirh really very considerable, and of great importance in an 
itgncuitiiral point of view, did not )ct correspond to the appa- 
rent absorbing power possessed by the specimens of agricultural 
salt. The foliuwiug cumparativc experiments were therefore 
made with the view of ascertaining the absolute amount of am- 
monia which these samples absorbed. The solutions used for 
these experiments were prepared by digesting great excess of 
the salt with cold water for some time, so as to appruxiuiate 
the manner of making the solution as closely as possible to that 
which would occur in nature. The exjxMaiiieiits themselves were 
Taried by diluting both the ammonia and bait solutions, without 
any very great diderence of result. 



Agricultural Salt, No. I. 




)iw rrnin-i ' f \he nolutioo 
ot tim Mlt will a^aorb 


ffenev loo gnxoM of the 

Roliil <i]t tcont&toetl iu the 
auucou* BotutioD; will 
abmfo 


L 
IL 

in. 


-im graio of NHK). 
•1617 do. 
a517 d«v 


■62i)7 graia uf hlVO. 
'6361 do. 
•6861 do. 




im do. 


•6309 do. 


Agricultural Salt, No. II. 


I. 
n. 
III. 


•]304ffrain of NHH). 
•1349 do. 
•134d do. 


•4918 grain of NHH). 

•5019 .lo. 

'&m dOb 




•im da 


-5005 do. 


AgrieuUural Salt, No. III. 


I. 

IL 

IIL 


•1486 grain of NHH). 
'l927 do. 
•1543 do. 


'5533 grain of NHH>. 
'66ti9 do. 
•5746 do. 




•1518 do. 


•5654 do. 

■ ...Ml MM 
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Now as BOon as the solution of caibonate of ammcaua ts 
dropped into these salt solutions, there occurs (as might have 
been antieipated) a precipitation of the sulphate of lime whii^ 
they oontain as carbonate; this must be attended with a mm* 
sponding fixing of the ammonia^ the latter combining with the 
anlphniic acid to which the lime was previously united ; and by 
this reaction, the immense difference observ ed between the ab- 
sorbing power of these Bobitions and that of a solution of pave 
chloride of sodium would appear to be accounted for. Whether, 
then, by its own immediate agency, as in the case of manuring 
witli g^^sum, or by the intervention of the absorbent power of 
the chloride of sodmm, the soluble lime-salt present is really the 
most powerful agent in the absorptive ])rocess — a fact which was 
still ftirther demonstrated hy tfu- ndditinn of a few drops of solu- 
tion of chloride of calcium to some of tlic pure chloride of sodmm 
solutions, to which, in the previous experiments, the maximum 
of ammonia solution had hccn added, — instant absorption, and 
consequently diminished action on the test-paper, was of course 
the result. 

The absorptive power of the specimens cxaninied ought there- 
fore, if so depcndt'iit upon the amount of lime-salt, to be almost 
in the ratio in wlucli Ui;it exists in their soluble portion. The 
Bul)joiued Table will, however, show a discrepancy in this pai- 
ticular^ 



Composition of the portion soluble in water, calculated 

to 100 parts. 





No. I. 


No. n. 


No. III. 


% 


4-234 
•256 


1-203 
•338 
•884 
S7-675 


1-4^4 

! 773 


100-000 




1004)00 


Aninionia aljMirbed by 100 1 






^664 



If, now, we compare the quantity of sulphate of lime which these 
salts respectively contain with the amount of ammonia which they 
are capable of absorbing, we find no such proportion as might have 
been expected. This arises from the extreme insolubilitv of the 
sulphate of lime compared with the solubilities of the other con- 
stituents of the salt ; and fresh lime-determinations in the solu- 
tions actually employed in the absorption experiments showed, 
that notwithstanding the difPcrent composition of the three salts, 
the amount existing in the solutions prepared as before described 
was very much the same. The other eonstituents, torn their 
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poaaeasing a eomparatively equal loliibility with chloride of 
aoditmt^ cannot be anppoeed to my much; and the true com- 
noflition of the lalta contained in the aolntions employed, as given 
odow, wiH he teen to present a very doie ooincidence between 
the per-centage of Hme-aalt and of ammonia absorbed. 

Eeal composition of the salts dissolved for the absorption 
experiments^ calculated to 100 parts. 





I. 


11. 


III. 


Sblphate of lime (det«niiillftd>. 


1-336 
•264 
8555 
94-8S5 


1039 
•338 
•886 
97787 


1*182 
•887 
1-779 
96-709 


100-UOO 


iOO-000 


lOiHMH) 


Ammonia absorbed by 1001 


•6a09 


•60Uj 


•5654 



We ought, then, to have an index to the absorbing power of 
a salt by a knowledge of the quantities of chloride of sodium 
and of soluble lime-salt which it contains ; an equivalent of limc- 
salt fixing an equivalent of ammonia, — and the chloride of sodium, 
the per*centage which it has been above shown to absorb. Let 
us now apply this method of determination to the samples under 
expehmeut. 

No. T. 

Total number ot grains of ammonia absorbed^ 

by 100 grams of salt j 

Deduct the absorbing power of i'iijU grain of 
sulphate of lime , 



Deduct the absorbing power of 94*825 grainsl 
of chloride of sodium 1 



-6809 
•5187 



No. 11. 

Total number of grains of ammonia absorbed! 

by 100 grains of salt j 

Deduct the absorbing power of 1*039 grain of 1 

sulphate of lime j 

Deduct the absorbing power of 97*737 grains! 
of chloride of sodium J 



•1122 

•1000 

•012a 

•5005 

•3973 

•1032 
*104.1 
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No. ni. 

Total nuiiibei' of tri'juns of ammouia absorbed^ kaka 
by 100 grains ot salt J 

Dt (iu( t the al)sorbiDg power of 1'182 grain «fi .4510 
sulphate ol iime J 

•1135 

Deduct the absorbing power of 96*702 graiiis\ .^qa 
of ehloride of flodiiim • / 

'0105 

^ ^^^^^^^^^ 

It will be seen tliut io Nos. 1. and III. a slijjht excess of am- 
monia remains unaccounted for; this is piirtly, ul" course, due to 
an unavoidable excess which must in every experiment be added ; 
bat I have observed^ that throughout the operation, even when the 
absorption ia most aetivei and even after leveral bonrB* contact, 
there is yet a teble tin|pe imparted to the KtmtiB-paper when 
left in the atmoqihere wiUiin tkt bottle for five mhintca* Thta 
woaU teem to ahow» that at aU itagea of the prooeia there ia a 
eertain amount of eoonteractioii going on, and it beeomca a great 
qneatioo whether this action— ^hich appears trivial when we deal 
with a eo m p ar atively krge amoont of ammonia^ as tn ^kese ex- 
Mnmaits— "Woiikl not in practiee niiUiiy to a great atoati or at 
least diminish considerably, the absorbent power of this agent, 
when^ spread on the surface of the soil, mmnte quantities only 
of ammonia came within the sphere of its action, and the absorp- 
tion was distributed over a oonsiderable portion of time* 

X believe that this counteraction and liben^n of ammonia 
may be traced to the solubihty of the carbonate of lime in the 
absorbing hquid: upon the addition of the first few drops of 
carbonate of ammonia solution to the solutions of the saltSj the 
small quantity of precipitate which was produced was immedi* 
ately and perfectly dissolved by agitating the liquid; this was 
doubtless partly auc to the excess of carbonic acid which was 
evolved from the scsqnicurbonnte of ammonia, but a considerable 
portion of the action must hr allributed to another cause. It is 
some time since Professor Conneil has shown, that, upon pro- 
ducing carbonate of lime by the action of carbonate of soda upon 
chloride of calcium in a iiK'diiuii of distdled water, the carbonate 
of Imie so produced (if produced at all) is held in perfect solu- 
tion*. I liave IVuuid the same action to operate to a much larger 
extent in the ease ol u saturated solution of chloride of sodium : 
taking two solutioi^s of chloride of calcium and carbonate ui soda, 

* PhiL Mag. S. 3. vol. ifzii. p. 124. 
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of which equal bulks contained equivalenU, and idding equal 
portions successively to a known quantity of a Battirsted wdutiDii 
of pure chloride of sodium, taking caie to mix irhidimf Waa 
lint added thoroughly with tiie aolntioa hefine adding tbtiother> 
I hate obtained the following itianlts, by which it ia ahown that 
a aatnfated aolntion of ehloHde of ioditim 
bonate of limey or about 5^ timea atf mneh aa Pirofeaadr Oonnell 

gitea aa the amotint dissolved (jjlij) by the common water dl 
t. Andrews. The diloride of sodium waa at eooxae perfectly 
freed from carbonic add before trying the oqierimenta. 





100 mins of saturmted boIu- 
Him m pure chloride of eodium 
will diuolTe 


Hraee mka» of the Mltd 


- i 

II. 

UL 


•outs ofkgniiiof Gir^ 

bonatc of lime. 
•0181 do. 
•01S6 da. 


■06S8 of a gi ain of car- 
bonate of ItaM* 

•m&a do. 
-0708 do« 


1 

1 


•0177 do. 


•0669 do. 



The addition of the solutions to the chloride of sodium wad 
continued until a slight film of carbonate of lime was deposited 
upon the mixture standing for hnlf an hour; a deduction was 
made for the c\cc^?^ ndded ; tlie Tuinibcrs tluTcfore represent the 
amount of rmljonate of hme which can be iK i Trianpntly held dis- 
solved by the chloride of sodinm. T say this, because I believe 
that a far larger amount may be retained in solution for a limited 
time; for if the first trivial precipitate is disregarded, twice or 
three times as m\ich of the two solutious umy be added without 
producing any such increase of the precipitate as ought to occur, 
if at that stage the chloride of sothuoi absolutely refused any 
farther action. But this somewhat curious result I think of 
prosecuting farther. It must not, however, be su])posed that it 
is only oii carbonate of lime m the nascent state (if the expres- 
sion may be allowed) that the chloride of sodium exercises thill 
power ; if the two solutions are allowed to mix by pouring them 
Sittttlfaneoittly upon the surface of the salt solution, so as td 
produce there a stratum of recently precipitated carbonate of 
Ihne^ the chloride of sodmm will dissc^Te this with the tttliiosl 
frieility upon agitation. The dear solution may be boOed withotit 
any separation of carbonate of lime occttfring ; it is partly thrown 
down by boiling with carbonate of ammonia, partly also by bdHng 
with ammonia, and apparently completely bV oxalate of ammonia. 
Whether there eiists in this solution chloride oi sodium dis4 
Icdvinc carbonate of lime, or chloride of caldnm not decomposed 
by emomite of aodn, we Hairc no prescnl mettos of dcterminidg; 

0 2 
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although from its partial precipitation by carbonate of ftmmoiiM 
I should almost think that it existed ia the latter form ; since 
it is more rational to suppose that carbonate of ammonia^ being 
a less permanent combination than carbonate of soda, should 
transfer its carbonic acid to chloride of calcium^ taking hydro* 
chloric acid in return, than that it should exert any action upon 
carbonate of lime dissolved as such. The idea of the consider- 
able temporary solubility of recently formed carbonate of lime, 
receives considerable siijiport from a peculiar phsenomenon which 
took place when 1 endeavoured to make carbonic acid determi- 
nations in the Worcestershire brine-spnngs. 1 adopted the ordi- 
nary proc ss of adding to the water excels of ammouiacal clilo- , 
ride of ( allium, — a very tntiing precipitate occurred, winch was 
attributed to the comparative absence ui carbonates and carbonic 
acid j upon examiuing the bottles at home, however, their interior 
was covered with most beautiful cry!<ta!s of selenite, of the most 
perfect forms, — some complete ht nut lupes. From their figure and 
size, these had evidently been deposited slowly; and I do not doabt 
now that the chloride of sodium at first prevented the precipi- 
tation of the carbonate of lime, then that the large quantity of 
sulphate of sodu present parted witli its sulphuric acid to the 
lime so dissolved (by degrees, as the cliloridc of soJiUiii relaxed 
its solvent uower) j the liquid was soon saturated with sulphate 
of lime, ana the surplus was thus gradually deposited. I need 
not say that the amount of carbonate of lime actuals thrown 
down was <|uite insufficient to meet the rec^uirements of the ana-* 
lysis ; nor IS this^the only instance in which X have observed a 
similar result. 

The results^ then, at which we must arrive are^ that agricul- 
tural salt is a most energetic absorbent of ammonia^ both in 
virtue of its chloride of sodium and of its soluble lime-salt, and 
that the proportion of the latter especially moat poweifully affects 
its action but that at the same time its agency does not seem 
to be alt(^ether a permanent one : it will collect the ammonia, but 
it is questionable whether it can retain it for any great length of 
timCi because in the very decompositions which happen in order 
to render the ammonia more stable, salts arc formed which have 
a direct tendency to liberate ammonia from its more fixed com- 
binations. It may; however, retain it quite long enough for 
agricultural purposes: if the young plants are there ready to 
receive it, its state of gradual liberation may be for them the most 
advantageous possible j and to this conclusion all experiments on 
the large scale appear most obviously to tend. It is described as 
an excellent check to the too forcing power of piiano; and from 
^f. Barral's experiment we see that it cither prevents tlie too 
rapid eremacauaia of the latter, or stores up the ammoma aa it ia 
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formed. As a inanure for arrowing crops, all cxpt riLncc and all 
theoretical considerations therefore show it to be most valu- 
able; but when tiiiploycd to mix with iiiaiiurc heaps which 
have to stand for considerable periods of time, theory would 
pronounce, as practice has in many cases done, that its j)ower 
of retaining ammonia under those circumstances is at the best 
doubtful. 



XXII. An Eocperimental Inquiry undertaken with the vietv of 
ascertaining whether any Force is evolved during Muscular 
Contraction analogous to tfie Force cm /red in the GymnotuB 
and the loi-pedo. By li. F« Baxtsa^ Esq,^ 

CONVINCED that a ciilm inquiry after truth is liable to be 
lost in controversial disputes, we shall just refer in a 
genera) note to the principal sources from whence we have been 
enabled to obtain views such as are confirmed by experimental 
evidence, and which are now entertained upon the subject of our 
present inquiryf- 

The fact long since obtained bv Matteucci, viz. that of causing 
the muscles of a ^vanoscopic nog to contract by placing its 
nerve upon the muscles of another animal during their contrae* 
tion, is well known; and in his last communication ^ to the 
Koyal Society, Matteucci has adduced strong reasons for believing 
that an electric diecqmlibriuM is produced during muscular con- 
traction. 

By means of the galvanometer, Du Bois-Bqrmond § has satis- 
factorily shown that an effect occurs upon the needle during 
mnseular contraction. These results have been confirmed by 
Zantedeschi ||, Bufff and Tyndall**. 



^ Communicited by the Author ; hivuiff beeDicadattheRaytlSapety 

May 10, 185'). 

t Annnles de Chimie et de Physique, 3* g^rio, vol. xv. p. 61 ; vol. x\x. 
pp. 119, IJI^; vol. xxxix. p. 114. Comptrs Rmdus, vol. xxviii. pp, 5/0, 
m, 653, 663, 782; vol. xxz. pp.349, 406, 479, 512,5(i8^699; vot-zm. 
M.28,91,318; vol. xxxii. p. 131. liihlioihkque Umvermlk de Qmhe^ 
rev. 1850, Juin 1853. On AniuiHl Klectricitv ; hciiij? an Abstract t^f the 
Discoveries of Emil du Bois-Reyniond, he, edited by II. Bcncc Jones, 
M.D., F.H.S. Loudon : Churchill. 1H62. 8vo. Letire de Charles Mat' 
tmteei d M* H. BeiMe Jmui, F.Rfil. Florenee : Imprimerie Le Moiiinar» 
1853. 8vo. On Si^nor Carlo Matteucci's LettertoH.Bence Jone«,M.D.t 
P.R.S. kc. By Emii lu Bois-Reyiiiond. London: ChlUclliU. 18^ 8va. 

X Philosophical Transuetious, I80O. Ninth Series* 

§ Comptes Rendus, vol. xxviii. p. 641. 

I BibUothiqMe UmvereeUe de (Mw, Fev. 1850. H Ibid. 

*• Britiih sad Foidga MciKcBl Remw fiir Jin. 18M,p.Hl. 
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The results obtained by Despieti*, Beeqiierplf Bn4 Mat- 
teucci bave tlupoim strong doubtaiipoat^iMMiclusions deduced 
by Du Bois-Keymond. Several experiments ondeftakMi by the 

author of the present paper, both prior and subsequent to the 
knowledge of Du Bois-Reymond's researches, tended to eonfirm 
in his opinion the doubts expressed by tliese inquirers. But the 
positive evidence adduced by Du Bois-lioymond by means of 
his galvanometer, combined with that of Matteucci obtained by 
means of the frog, only made it incumbent upon the opponents 
of Du Bois-Reymond to disprove his conclusions, if capable of 
disproof, more by stronger experimental evidence than by theO' 
retical arguments ; hence the renewal of the present inquiry. 

In relating the experiments, to avoid unnecessary prolixity, 
we shall endeavour to be as concise as possible, incurring, how- 
ever, some risk of beinc: considered as not having sufficiently 
eliminated the sources of error. Our great point will be to 
establish facts ; and whatever observations we might think ne- 
cessary to make in reference to the origin of the effect produced, 
these will form the subject of the concluding remarks, and may 
be considered as distinct from the main object of the paper. 
We ahall rd«te in a general manner aome reaolta that weie 
clitained hf meana of a galvanometer conaisting of but feir ooQa. 
Tb two hnm bandlea of an oidinaiy medical eleetnHm^etie 
machine, were attached thick copper wiiee^ eacb ebout 8 inehea 
in length, and bent Similar copper wiiea were connected with 
the galvanometer, their free ends commiinicating with merearial 
enpa^ these cups forming the means of connexion with the brisa 
lilies. Holding the metallic handles B^ly, gra«|iing apa of 
snd contracting the musdea of the arm powerfully, apd 
drnng this alternately with each arm, we at first failed t9 obtain 
any, or if any, but indecisive results. Upon repeating the expe- 
riments on another occasion, we ultimately obtained some defi- 
nite resolt and a due to our former failnres. It was found that 
when the mnsdes of the arms were contracted alternately at 
definite periodsj and continuing this act for some time, that as 
the hands became moist a decided effect upon the needle occurred, 
indicating the contracting arm to be positive^ to the other. AVe 
considered that these results were due |)artly to the reaction of 
the acid secretions of the hand upon the metallic electrodes, 
partly to the skin becoming a better conductor thai^ the 4ry 
eutiolfit, and partly perhaps to thermo-electric action. 

* Obaylci Ikadbf. foL isviii* n. 653. 

t Ibid. p. 663. t Ihid. p. 782. 

§ If we tnkc an elementary eircle, such as zinc, platinuin, and dilute acid, 
the eurrent goes from tho zine, through the fluid, to the pl^inum, the pla- 
tinum being tho fosUive electrode. 
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Thi qaaitioii now aiote^ could not the effect which mfjoX b$ 
due to moacular contnetioii ooincids with that which aroie fipom 
the action of the cutaneous secretions ? Ffom the results ob* 
tained by Da Bois-Reymond'f'i it would sppm that the 4ir90m 
tion of the current due to muicQlar oontfaetioii is vnmM, i« o* 
/rom the hand to the shoulder. 

Sevanl other eiperimeiit* were undertaken in which different 
solutions were employed to moisten the hands ; the effect upon 
the needle was now much greater. When one hand was moist- 
ened with a weak alkaline solution and the other with water, upon 
contracting the inu'^cles of the arm holding the alkaline rlcctrodc, 
this bncamo nf{/alive to the other ; bnt by projicr management, 
by nut lia\ iiji:; the iioiution loo strong, we could make this arm 
become positive, the current ocenrrins; flurin^ mu«cukr contrac- 
tion overcoming the influence of the aikalme solution. Feeling 
the force of the objectiuns that might be raised in reference to 
the use of the metallic electrodes, we do not think it necessary 
to relate any other experiments made with the use of these id'' 
struments. 

A galvanoiiietcrt of the following construction was now em- 
phjyecl. It cou&isted of two coils, one placed above the other so 
a^ to |>roduce the full effect upon both needles, with an index to 
indicate the auiouui ul deflection. Each coil was 2 inchea m 
length and the same in breadth, consisting of 1500 turns; the 
thickness of the wire 37 gauge. The needles were rather less 
tlm 2 inches in length ; the index, of ivory, 3 inches in length. 
As our objeet was to ascertain, if possible, the exiitmce of the 
iofce mtliflr than tlie mtumni, a further description of its dalioacy 
will not be necessary. 

Two oopper dampa were made« eaeh 4 inches in lengthy taper* 
ing at one aitremity ao as to he oonneated with the bindmi^ 
serews of the galvanometer^ the other extremity bdng bent down 
at right angles to the extent of hatf an inch, presenting a anifliee 
1^ inoh in bieadth, and to which was 
oopper by means of two screws ; by these dampa the platinum 
deetrodes were attached, and those that were generally used 
consisted of pbitinum foil, each 2^ inches in length and 1 inch 
in breadth. 

The vessels usnallv employed to hold the solutions were two 
eupping-g^asaea, eacn 2^ inciiea in diameter, 2^ inches in depth, 
and contained rather rooie than four ounces of fluid. The 

♦ Raj)port siir les Mcmoirea relatifs aux phcnonuin'i t'lcctro-physio- 
logiques prescnte^i a rAcademie |iar M. E. du Bois-lU-^ moud, Coin^UM 
Rmami, fol* xxxi. p. 26. 

t Vide PsradsY^s node of employing a galTsnometer. FbiL IVbds, 
Scries xavitL IBfivL 
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glasses being half-filkd with a weak solation of common salt, 
coTering the electrodes to the esttent of an inch, two and some- 
times three fingers of each hand were held pcrj)endica]ariy in 
the vesselsj the middle finger resting upon tne bottom of the 
glass vessel. When first introduced, a slight tremalons motion 
of the needle was oheerved ; upon taking the fingers out of one 
vessel and reintrodaeing them^ and repeating this act, a alight 
effect appeared, at first definite, but this soon subsided. Similar 
effects were observed when the fingers of the other hand were 
used in a similar manner. The fingers last introduced were not 
alwavs poeitive or n^aiive to the others. Keeping the fingers 
in, then moving one of the fingers so as to make the fiuid rise 
and fall upon the surface of the electrode in one vessel, produced 
bnt little motion of the needle. Afler the fingers had been in 
for some time, and the needle had become quite stationary, upon 
oontracting the muscles of one arm an effect occurred upon the 
needle indicating the contracted arm to bejNMt^ to the other SP; 
by contracting the muscles of each arm alternately, the effect 
amounted to 5°. The result was definite, and the motion of the 
nee<llc steady. 

Du Boia-Rcyniond* considers that there are five circumstances 
inHncntial in producing a cniTcnt; viz. 1, temperature in- 
cgalc; 2, durec ineprnle dc I'humccfation avcc le iiquidc rnn- 
ductenr ; 3, tension inetriile de 1:i ]n au ; 4, lesion de Pune dc^ 
places dc la peau; 5^ transpiration nu i^alc. We could not i ( IVr 
the effects we obtained to either of these Circumstances ; — to the 
tension of the skm, for instance. 

Three solutioriB were w^w prepared; the first consisting of a 
concentrated solution of common salt ; the second of sulphuric 
acid, one part of strong acid to six pai'ts of water; and the third 
of one part of hq. potassse (Pharm. Lend.) to four parts of 
water. 

It was found necessary that the following j>recautions should 
be strictly attended to. Tlic solutions should be prepared and 
well mixed previous to their use, and the electrodes covered to 
the same extent. The hands and fingers should be thoroughly 
ckan', to attain this object they were first washed with theordi* 
naiy cnrd or Windsor soap, and afterwarda well rinsed in common 
water md wiped comparatively dry with a elean towd« The 
aame towels should not be employed when ^ng the different 
adutions, and it was found better to work on dimmit days with 
each solution ; for the liquids 8oa]cing in between the naila and 
the fingers became a source of some difficulty to remove, and a 
cause of some embarrassment in judging of the final result. 

* mUhtUgm Umvenakde(kia9e,^ma 1668. 
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We need hardly state that ttic surfaces of the electrodes should 
be clean and the contacts perfect. 

fVith ttui solution o f conuiitni :udt. Upon the Hrst introduction 
of the liiijLrcrs, a slight trcnudons motion of tlie needle oceuncd. 
Withdrawing the right-hand fingers and reintroducing thiiii 
immediately afterwards, and repeating this act a few times, a 
slight pomve effect was produced upon the introdoction of the 
fingers. WiUidrawing the left*hana fingers in the lame manner^ 
a al^t nmiwe elFeet was at fust obtained, bnt after a short 
time the eroct became indefinite, and ultimately slightly wnUm* 
Keeping the fingers in and contraeting the muscles of tne armj 
the fingers of fiie contracted arm were posUwe 4^ to 6^, and 
made to increase. 

The solution in one vessel was now diluted to one>half. Upon 
the first introduction of the fingers, the strong solution was 

Sositi ve 6^* Keeping the fingers in and waiting until the needle 
ad become motionlM, the contracted arm was positwe to the 
other; if the arm connected with the strong solution was con* 
traeted, the e£^t was greater than when tiie other was con- 
tracted, the current in the former case rising to 5^, in the latter 
to 2° or 3° 

IVith the add solution. Upon the first introduction of the 
fingersy the needle would somet lines go dOP or 40°, but generally 
speaking it would oscillate first to one side and thea to the other,, 
Withdrawing the fingers of one hand and then reintroducing 
them, this hand was positive to the other. Keeping the fingers 
quiescent, and contracting the muscles of the arm^ the corre* 
sponding finprers were positivp 4°. 

The solution in one vessel was diluted to h;\\( tlie strciiL^tli of 
the former; the strong solution was positirt' tn the other upon 
the introduction of the fint;( is. If tlie difili riuc between the 
two solutions was not too great (the exact strengtli being diffi- 
cult to state), we might determine a slight current to pass in a 
constant direction, and then mako tlie current arising during 
muscular contraction overcome this constant current. Strong 
solutions were foujnl l)est for this purpose, inmi their forming, 
perhaps, a better conducting hquid than the weaker solutions. 

With the alkaline solution. Upon the first introduction of 
tlie Hngcrs no definite result, the needle tremulous. Withdraw- 
ing the fingers and ituitrodueing them, tlic effects varied, but, 
generally speaking, the reintroduction of the fingers produced a 
negtUhe result. The effect due firom muscular contraction was 
difinite from 2^ to 4% the fingers of the contracted arm being 
potUke* 

The solution in one vessel was diluted to half the atrength of 
the otlier* Upon the introductioa of the fingers^ the duut^ 
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•olotioii wupoiUwe to the ■tamger. We wm eoaUed in this 
instance^ as with the acid tolutimi^ to ohtain a aolatioii ol anoh 
itraigth aa to give a constant cimnt in a eertain diraetion, and 
then make the cnmnt due from miuenlar emitnietun overpower 
this eorrent. As we e(|nsider this fSMt of some importaaee^ it 
will be neoeaiary to state the mode of aseartaining tbii ooostaat 
enrrsnt. If we find, either upon the introdootion of the fingers 
of both hands at the same time, or upon the introdoetion of the 
fingers of one hand, that a (mrrent eadsted in one direetion to 
the amount of about 2°, the current oeeuning during muscular 
eoatraetion, if it eoincided with this eonstant current, would 
cause the needle to advanoe to 4^ or 5^ or more ; but if it has 
to overcome this constant current, the needle would only mofO 
8^ or 8°. We need scarcely add, that the needle of the galva* 
aometflr abould continue to indicate this current whilst the 
fingers remain in the solution, which may be indicated by the 
needle receding to its normal position upon the withdrawal of 
the fingers. A great difficulty is frequently experienced in ob« 
taininp this constant current. 

Several other experiments might be rrlatnl m \\ Inch the elec- 
trodes were made to differ in size, otic lu iiii:: narri>\v, thr other 
broad; or where one wns uiade to dip dLciier into the solution 
than the other. The i^enural results indicated that a diff'ereoce 
in extent between the surfaces of the platinum electrodes and 
the solutions, occasioned an effect upon the needle upon tlie first 
introduction of the fin«»er8. In other experiments larger vessi^U 
were employed, ho as to insert the whole of the hnnd and wri&t | 
the results coincided with those we hi^ve rdated^ the ^eet hmng 
greater. 

The solutions were niatie to vary as to temperature by placing 
the glass in a vessel eontaininp; hot water, and then cuictully 
stirring the solution so as to make it completely uniform. One 
Teasel was at the temperature 65^ F., and the other 115°. The 
vesults upon the first introduetion of the fin^rs wm inde- 
etsive. The hot solutimi was not always positivo to the eold 
eolution. We eould slways ohtain the eflbet during muscular 
OQBtraetiQn. 

We agree with Du Boia^Beymond as to the importanee of 
attmding to the five eiieumstsnees to which he veiers^ and whiA 
we have already alluded to. The eireumstanees that appear to 
us to he the most infiuential in masking the ultimate result, aiOi 
-r^lst, the action of the fluid upon the surface of the electrodes i 
andltodlvitbe reaction of the cutaneous secret ions upmi the fluids. 
Although we cannot remove these sources of error, we have it 
nevertheless in our power to eouuteraet their efieets by i^owing 
thai the emmit oonaequent upon muieulw eontrectiQii «) 
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made to overcome that ariaiiig from eitJier o€ the two former 
actions. 

Wfl have not yet aSuded to the dilferenee which appeen to 
art hetveen the leaiilto ohtained by Du BoiB-Beyinond and 
mawdfWf via. the direeHon of the earr ent« Du Boia-Eeymond's 
eiperiwenta indieate that the current ia uwem, i« e. Jrom the 
hand the abindder during mnaovlar eontraotton; our raultai 
on Ui6 other hand, point owt that the current ia ^ed, i, e^frm 
the ahonlder io the band. We do not think that onr n»iilt» 
dUfer much from thoae of Bn Boia-Reymond ; hut aa the diacoa- 
aion of thia qneation will involve certain theoretieal vtewa, what* 
ever obaervatioiiB we shall have to make will be defened to ofor 
concluding remarks*. 

With the assistance of three friends an attempt waa mada to 
increase the effect upon the needle by forming a pile, aa it were ; 
we could obtain the effect, but there waa no decided increase. 

Several experiments were undertaken with the rheoscopicfrogf 
in lieu of the galvanometer ; the results were not so satisfactory 
as could be desired, to juatify their being recorded in the pr^ 
cent paper. 

The posterior limbs oi a trog^ separated at the pelvis, but 

* ftnce this paper was presented to the Royal Society, we have bad the 

opportunitv of attcndinj^ the intercstin'„'lertnres of Tin Bois-Kevmondat the 
Koyal lustitutioii. Du Boi«-Reymouii couaUcrs, sm lar an >vu could iinder- 
stand, that when the whole of the hands are immened in the solution, and 
the mttsdea of the ann are made to oontnoty then the cuirent is due to 

the swollen state of the skin, and perhaps to other circumstances ; but 
should we be justified in concluding, that when the fint/ers alone are in the 
vessel, then the effect is due to their swollen state ? If Du Boia«KGy- 
nund miataint that the eiufent dne to nintealar ooatraotioii is mm-se, 
i. e. from the hand to the shoulder, u e cun only add that y^e have never 
been 'dh\c to obtniu that constant effect. Wc cannot deny that it frequently 
hap]H'n^, upon the fir<t repetition of the expcrinient, that the current may 
appfui' ui iavour ol' tius upiuion. De»pret£ has reiuarked, that the f uirent 
luay appear first in oiae difeeHan and then in anolhav* We eaanot insiia 
too stranjily upon the necessi^oC having the hands perfectly clean, and WC 
arc couvmccd that the fiii1nr<'<' and contradictor\' results uliirh arise are 
due more to tlie want of attention on tins point tfian to am tluii*^ c1;m». The 
direction of the cuireut i» a fact of the utuioKtimportunce ; auil as we shall 

aefcr to thia snlgfet again in the canchidipg lemailcs, and as no reawwii 

hatve oecurred to leri.I us to alter our views, we prefo leaving the paper hi 

its original state. (June 19.) 

t The term rheoscopic has been recommended in the Report of the 
Committee of the Academy of P^s, in preference to that of gahamscopic. 
We have employed hoth terms. When it is used for the detection of the 
ourtent, the former term is most applicable ; but the fro^ may be a test of 
a force in which the current force, in accordance with our present notions 
o| force, cannot be shown to exist. If the dynamic conciitiou and the cutt 
rent condition pi force be considered as equivalent terms, then rheoicopio 
wonld be unolgcetioni^lla. 
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connected by means of the lumbar nerves and a portioii of the 
vertebral column^ were each placed in separate vessels oootaining 
the solution of common salt; the musclea of one limb were then 
made to contract, and an immediate efiiect npon the needle was 

obsen cd, the contracted limb being positive to the other from 
3° to 4®. To prevent the fluid fmm being scattered upon the 
electrode^ a piece of glass was attached to the part as a weight 
to avoid too great motion of the limb. In some instances both 

fef?t were removed: the effect upon the needle was still the same. 

Similar results were obtained with the acid solution, but with 
the alkaline solution the effects varied, especially &o if the solu- 
tion were atroug. The alkali acted apparently upon the mucous 
secretion of the skin. 

Great care was required to have the cutaneous surfaces clean 
pnn ious to the introduction of the limbs into the soiutionSj so 
that no curi-eut could arise therefirom. 

/* it necessary to place the nen^e of a rjnJva noser )jiw frog in con- 
(net iviili the longitudinal ajul fransrcrse aeclnnt af a musch' in 
order to (Main the necessary ronlrartions ? Kepeatiug tlit expe- 
riments of Matteucci*, we iuuiid that the 'Contraction might be 
obtained without placing the nen e in contact with the muscle. 
At the same time we must add^ that the effect upon the galva- 
noscopic frog appeared greater when its nerve was placed trans- 
verse to the muscular fibres than in any other position. 



The results of our eiperiments tend to establish the foUowing 
eondosions^ vis. — 

FM. That daring mnseolar contraction in man and in ^rogs^ 
an effect upon the galvanometer may be obtained indicating the 
manifestation of an electric conent. 

Secondly. That this manifestation of an electric current is dui^ 
in a great measure, to secondary reactions, vis. betweai the 
animal secretions and the solutions on the one hand, and between 
the solutions and the platinum electrodes on the other; but that 
there nevertheless remains a residual effect which we cannot refer 
to either of these actions, or to those pointed out by Du fiois> 
Reymond* 

Cmckudmg Remarks* 

The numerous instances in which an electric current may be 
shown to exist, naturally renders any conclusion deduced from 
results obtained by meaiia of the galvanoinrter extremely doubt- 
ful. If these remarks are appUcable to physical rcscarcbcj^, w here 

* Flnl. Tmns. 1860. Nmtfa Scries. 
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m have tadi control over our experiments as to afford ui ftci- 
lities fiivourable foreliminAting sources of enor, how easily may 
we conceive that they would apply with ht greater force to 

physiological researches devoid of such &eilitics. The strong 
prejudice which exist in reference to eleetro-physiological in* 
quiries cannot therefore be a matter of much surprise, but must 
create a great difficulty to any individual who shall attempt the 
elucidation of any electro -physiological problem experimentally; 
for not only has he to satisfy, from the mixed character of the 
inquiry, the extreme views of the physicist on the one hand, and 
those of the physiologist on the other, but they also afford the 
indolent inquirer a ready means of apparent refutation, and a 
powerful weapon to the controversialist. That these opinions are 
not ill-foinidL'd we might easily prove*. Fcelin^: the importance 
of basing the conclusions in these inquiries upon sinctiy experi- 
mental evidence, in discussing the different views that mny be 
euteilaLned in regard to tlie evidence upon which our experi- 
ments justify us in concluding that some force is evolved during 
niusc iilai' contraction, we shall confine our observations to the 
expe l iniLiital results obtained by Matteucci and l)u Bois-lley- 
mond, and endeavour to avoid everything of a purely controvei*- 
sial character. 

Matteuccif has proved and shown by means of the galvano- 
scopic frog, that duriufr muscular contraction the muscles of the 
galvanoscopic froy may be excited to contract, and limt iur this 
purpose it is not necessary that tlic nerve should be brought into 
contact with different portions of the muscular fibre. In repeat-* 
ing these experiments, we have been able to confirm the results 
obtained by Matteucci. 

Matteoocit, in his oideavonrs to ascertain whether the mus- 
cohr cnrfent was increaaed during moacalar contraction by fonn«* 
ing piles with muBcolar dement^ failed to obtain any decisiye 
restut. Pa Bot8<-Beymond, by means of his galvanometer, has 
ntis&ctoriiy shown that when the electrodes are bo arranged 
with a muscular element that the cnnent (muwmlar) passea 
through the instrument, that then^ upon the contraction of the 
muscle, the needle of the instrument recedes, and this he calls 
*'thc negative variation" of the muscular current. This fact, 
established by Du Bois-fieymond^ and idso the results obtained 

* Stnnge to say, it hn been urged that the time has not yet arrived fot 
the pro?;eciition of these experiments. Tliis is the onK tanf^ible objection 
that the autlior has yet hR(l uii opportunity of refuting. That ubjectious 
may be started he is perfectly eouvinccd i but as the inqviiry professes to be 
eaperimatial, the objectionB must be supported by experimental evidence 
b^ore be can notice them. 

t PhiL Tniif. im. Hintk teies. t Ibid. 1845. 
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by Mtttencdi, havo been confirmed by tome of oxxx own ctpefi* 
ments. But we ouinot help tbioking with Matteucci*, that the 
fiiling or the receding of the needle in Du Bois-Reymond'i 
e3q)eriment may attribnted in a great meamtre to the variation 
in the contacts between the surfaces of the rnnsele and the elec- 
trodes during the act of contraction. We are not aware that 
the existence of the nin scalar current is disputed by anyone; it 
has been attributed to nutritive actions by Matteuccit, and some 
experiments of our own;}: touded to cnnllnn tlic views of Mat- 
tpucci. We now have two distinct questions Ijrioie us :-— l«it, Is 
there, or is there «o/, any force evolved during iiiu'^( ular con- 
traction ? 2ndly, the nuiscular current affected during muscular 
contraction t and thts brings us to speak of the resalts we hare 
obtained in the present paper. 

Du iiois-Re^miond's results lead lum to consider that ni the 
frojx the cuiTent is direct, and m man inverse, as shown b\ tlie 
galvanometer. Our experiments le«d ns to believe that the 
current is direct in both instances. Upon carefully looking over 
Du Boii» Ueyuiund'sJ last paper, it appears to us that he fre- 
quently obtains the direct current ; but l.iyiiii; so much stress, 
as he does, upon the necessity of a current {muscular) circulating 
through the instrument prior to contraction before he can con- 
clude that the reeolting action upon the needle is what he calls 
''the negative 08cillMi<m'' of the mnsonlar eumnt, thai his object 
was to aaofrtain whailMr tlie muacnlar eimtnt in the hnmai 
snbject was not afieoted dming mnacnkr eontiaetiony as in the 
6og« Wa mav he miataken in our opinkMi* Aa we hare not 
been able to obtam this nwene enmnt, and if Dn Bona^Beymond 
has been endeavooring to obtam this mmm cmtenl to pfove 
^ the negatire Taiiation of tht mxuMu oorrent in the hnman 
mbjeet^ then the object that each of us has had in ticw differs s 
onrs has been to ascertain whether any fom if evolved dnnn|f 
mnsonlar contraction ; Bu Bois-Reymond's, whether the mm-* 
odar current is affected durii^ mnscnlar contraction^ The 
importance of Da Bois-Beymond'a researehea we do not deny ; 
bat it appears to ns to be of extreme importance that the two 
questions should be kept perfectly distinct, although perhaps 
iiitimately connected with eiMsb other. 

The results of our inquiries lead us to believe^ that during 
muscular contraction a force is evolved, as in the fish, but that 
it is only during extraordinary muscular exertion that it can 
beeome manifest to the gaivanometer* We are perfectly aware 

• Pbil. Trans. 1860. Ninth Series, 
t Ibid. 1846, p. dOl. 

X Proceedings of the Royal Society, Nor. 26, 1852. 
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of the objections that may be urged in reference to tbc fish being 
provided with a special apparatus. In our first endeavours also 
to obtain suiuc result with the gal\ nioincter, and in which we 
failed to obtain anv evidence of the exititeiice of a force being 
evolved, wc were then led to the conclusion as to the improba- 
bility of any force becoming free, as it were, during muscular 
contraction ; that wdiatever force might be present would be 
expended or converted during the act of contraction ; but we 
could never get over the difficulty which the results of Matteucci, 
obtained by means of the frog, presented for our consideration, 
and which is doubly uiereased by the rcisultsu c linve now related 
in the present paper. In reference to the fish, also, we must 
remember that the force evolved bears some relation, according 
to Matteucci*, " to the activity of the functions of circulation 
and of respiration, and of every act of nutrition/' The appa- 
ratus mav be a means for the evolution of the force, but not a 
jj/oducer oi[ the force; ami we have some reasons for bclirvmg 
that the electric condition of the blood m the living animal must 
not be overlooked. 

We have purposely avoided referring in this discussion to the 
influence and relations which the nervous system must bear to 
muscular contraction ; and as it is our wish that these researches 
should be considered as strictly experimental, whatever remarks w e 
might wish to make must be deferred to a future opportunity, 
until circumstances will enable us to pursue the mcjuiry^ and 
with greatet advantages than we now possess. 



XXIIi. On the Induction Apparatus and its Effects* 

By J. C. POGOENDORFP. 

[Concluded from p. 1370 

Appsndiz L 

On the Thermal Ejjcci uj the Jfiduction Sparke. 

IN the foregoing memoirf^ it was indde&tallj remarked that 
a greater thermic action evidently exists m the Btream of 
sparks at the place of interruption of the induction wire^ thail 
in that wire itself. This assertion is based not only upon the 
facts there reocndedi hut also upcw ike prevalent opinion that 
electric sparks always contain incandescent material particles^ in 
fact that they cannot otherwise be conceived to exist ; an opinioh 
which many phmome&a I have observed appear to corroborate. 
Nevertheless it may appear desirable to proonee a direct proof 

♦ Phil. Trans. 1847, p. 241. 
t Pbil. Mag. vol. a. p. 12^. 
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of the abov e as^scrtion, the more so as former obMmtions on the 
sparks of fhciional electricity have led either to no results at all, 

or only to uncertain ones. 

With the induction sparks obtained without trouble from a 
continually interrupted current, such a proof is without the least 
difficulty. It is even fiimished in a very pero^tible manner by 
a good mercurial thermometer. With this instrument of course 
no measurements can be made, although comparative results can 
be obtained by securing a continuous development of sparks, by 
mcnns of as uniform a motion and condition of the hammer as 
can Ik* possibly attained, as well as by pavintr attention to other 
precautions which will be easily recognize d as necessaiy. 

The ibl lowing are some of the experimental results which were 
obtained : — 

1. When a delicate thermometer is pbiced in or close to the 
stream of sparks uf the induction a})p;iia{us, a considerable rise 
immediately takes place, contrasting greatly with the small de« 
veiopinent of heat in the wire itself. This is the more remark- 
able, because, according to Joule's law, tlu ]\mt generated in a 
given time throughout the whole circuii ul ihc induction current 
is smaller when the ciicuit is broken by air than wiien it is con- 
tinuous. 

2. All other things being equal, this elevation of temperature 
m diti'ereut according to the natm'c of the metals or bodies from 
which the sparks issue. 

In this respect, however, platinum, copper, iron, and silver 
dilfer little fmm one another, although amongst them silver ap- 
peared to act strongest, and platinum weakest** But a great 
diflferenee exists between these metals and those which are but 
little cohetent, and are easily fused or vaporised. On an average, 
tiieur action is double that of the former. 

The following are the devations of temperature observed during 
the space of one minute in a series of experiments with different 
metallic points. The cylindri(^ reservoir of the thermometer 
was 1 1 millims. long and 3*5 millims. in diameter ; its axis waa 
placed between the points from which sparks issued, and at a 
distance of 2^ millims. from each. 

o 

platinum , . . . 18} C. 

Lead 

Tin 33 ••• 

Antiuiony .... 34} ... 

Zinc 35 ... 

Bismuth . . . . 37 •.• 
The difference was still greater wIk u the distance between the 
*" Graphite alone produced a still smaller degree of heat. 
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points amounted only to 1 ,\ millim., ami both were touelied by 
tbe tlieniioiiieter. The elevations of temperature within one 
minute were then with — 

Platmiim .... 23** C. 

.... 24 to 26° C. 

SUvcr 27^ C. 

Tin srC. 

When placed Dear the stream of sparks, though scarcely in 
contact with it. the thermometer rose 28^ C. with tin points. 

o. The inequality in the temperature of the t^^'l poles of the 
iiiJuction wire may also he clearly shown bv tin thermoiiK ti r. 
When tlif points were 4'5 milhms. ajjart, the ele\atioii of tem- 
perature during one niiiiute was always i\ or 7 degrees more at 
the negative than at the positive pole, both pole wires being of 
zinc or tin, and about 1 milhm. thick. 

4. When the pole wires consist of two different metals, the 
ri»e of the thermometer placed in the stream of sparks is greatest 
when the easily fused and vaporized metal constitutes the nega- 
tive pole. Within one minute, and when the points were 4*5 
millims. asunder^ the elevations of temperature were, — 



— Pole. + Pole. 

Platinam. Platinam 

Flatmiun. Tin . . 

Tin. Platinum 

Platinum. Bismuth 

Bismuth. Platinam 



18^ C. 
... 

81 ... 
18i 
80 



... 



5. The greater temperature of the sparks with easily fused 
aud vaporized metals appears to be caused by the volatilization 
of particles of the same. This is clearly shown by the thermo- 
meter suspended in the stream of sparks; when zinc^ tin, bis- 
muth, and Ie»d ne ueed» the |MMiti?e aide is coloured white^ aud 
the n^attve blown {fi least with hismuth and lead). 

6. This volatilization appears also, by improving the condnc- 
tibilit^ between the poles, to produce a greater transfer of sparks, 
and consequently a greater intensity o£ current. It is true the 
galyanometric deviations caused by the induction wire during 
the time that sparks are produced are very irregular, so much so 
that it is exceedingly difficult to determine their magnitude, 
nevertheless I am inclined to think that the deviations are greater 
with tin than with platinam points. 

7. This suggested a methoa of proving whether the facility with 
which sparks pass from one pole to the other is modified by the 

PhO. Mag. 8. 4. Vol 10. No. 66. 8^. 1856. P 
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nature of the points which may be employed. The method c»ii* 

sists iu the division of the cozrent between two pairs of poiDt«; 
of different metals. The experiments {like the similar ones of 
Faraday's with different gases) involve some difficulties, and 
require to be carefully interpreted; because if by accident the 
stream of sparks should be better conducted through one pair of 
points than throui^h the other, the former uiay, by the air be- 
coming warm, and by the volatilization of metallic particles, 
obtain an excess over the latter which is not natiii';d to it. In 
general, when the distances between ])oiuts are equal, sparks 
which are simultaneously obtained from both pairs of points 
differ in colour and bnihaucy according to the nature of the 
metals, but apparently they do not differ in the spark-distauce. 
Very often the one or the other stream of sparks ce.isi cl ivu- a 
while witliuiiL any very apparent cause; on the other haiul, how- 
ever, when zinc, or still better tin, was compared with platinum, 
it was always found that at small distances (1 or 2 millims.) 
sparks only passed between the former metals^ at greater distances 
(3 or 5 mdlims.) only between the latter metol* Without doabt 
at small distances the volatilized sine or tin partidea eonduct so 
well that they usurp the' whole current. 

8. The luminous discharges in Partial vacuum present similar 
phaenomena to sparks in air. The increase of temperature 
thereby is very considerable, although not so great as with 
sparks. Although the strength of the eunent increasea with 
increasing rarefaction, the elevation of temperature decreases^ 
owing to the decreased resistance. 

9. In partial vacuum, too, the inequality in the temperature 
of the poles is maintained^ although it does not iqipear to be so 
great as in free air. 

In one eaqperiment the air was rarefied to about one inch of 
mercury pressure, at which time, although the electric light was 
continuous, it still produced a jingling noise, like that at the com- 
mencement of the crackling of the sparks in free air. Two ther- 
mometers stood at thedistance of about a line from the brass knobs 
between which the dischnrire took place, and which were 1| inch 
asunder. During one nmiute the thermometer at the negative 
pole rose 15° or 15 '5 C, the one at the positive pole 12° or 
13^ C. 

All the above results were obtained by employing the thicker 
and shorter of the described induction coils, a battery of two of 
Grove's elements, and the condenser. 
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Appendix II. 

On a new tncthod of increasing the Induction Current*. 

Amongst the reasons which induced me to eonstruct Neef^s 
hammer as an independent instrumentf, I may mention that I 
intended to use it under the air-pump, because I aiiUeipiited 
that the induction current would ])e intiuenced by interrupting 
the inducing current in a pattial vacuum, instead of in free air. 

Recent experiments have fully satisfied my antieij^ations, by 
proving that the partial vacuum increases the action of the cur- 
rent-breaker to such ail extent, that in tliosc classes of phseno- 
mena wherein the action of the condenser was greatest, the latter 
may now be dispensed with. 

As the effiscts produced by this manner of using Ne^s liam- ^ 
mer are in other respeets interesting^ I may here be allowed to 
enter into a few partienlars. 

I placed the hammer npon the extra plate, before deseribed, in 
an atmosphere of aboat 1 or 1 1 lines of mereory pressure, and 
eonnected it with the indociDg apparatus in such a manner that 
the galvanie enrrent oonld traverse the wires of the primarv coil 
(which were 1 00 feet long and 1 milHm. thick, and encircled a 
core of soft iron) J either uongside or behind one another in the 
same direction. The current was excited sometimes by one, and 
sometimes by two of Grove's elements, and allowed to act alter- 
nately npon the shorter and npon the longer of my indnetion 
wires. Arrangements were mane, lastly, to conneet the hammer 
vibrating in the partial vacuum with the large oiled-silk con- 
denser, if necessary. 

The same hammer was afterwards employed in air under the 
same circumstances, and also supported by the same condenser, 
so thnt its action here could be compared with that which was 
observed when it worked in a vacuum |. 

* From Poggendorff'a ilssolm tat May 1855, p. 156. 

t Phil. Mag. vol. x. p. 12. 

t In order to mako tins comparison with two dlfftTcnt liamnn r*?. it is 
necessary that they should be exactly alike. I nder othenvisf (-(nial rir- 
cnmitances, the iparks, and particularly the spark-dutance, of the iu<luc- 
Ikni coil are very much influenced by the motion of the hammer; it is not 
no essential tiuit it slujuld vibrate auickly as that it should vibrate with a 
certain force, i. e. that the tongue slimild separate itself quickly from the 
pin, aad that the amplitude of iu oscillation should not be too small. For 
this purpose it is tberelbre oooTenient to IwTe a nther heavy armature at 
the end of the tongue; in one of my instruments, where the armature it 
too U<;lit, I usually attach a piece of I)ras3 to it by means of wax. On the 
other band, in order to ohtiitn very strong galvanonietric or voltnmrtric 
actions, when the inducttou current is interrupted by a piece ot dry blotting- 
paper, it it oonvenient to employ a light armatmre, to that the tongue may 
vibrate Teiy (paickly. 

F2 
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As a genenl Ktolt of this compariaoOj it was quite endent 
that the action of the sparks of the iaduetion coil was in all eases 
quite as strong when the hammer worked in a vaemanwiihmU the 
eandenser, as when it worked in air with a ctrndeneer; in aome 
cases, indeed, it was considerably stronger. 

This was particularly the case with the thicker and shorter 
mdoction wirlsi when the wires of the primary coil were at the 
same time connected side by side, ao aa to form a wire 100 feet 
lonp^ and millims. in diameter. 

When the wires of the primary coil were connected in this 
menaeae, the combination of the condenser with the hammer ia 
a vacuum had apparently no influence upon the spark-distance 
of the induction coil, at least no increasing influence ; the sparks 
were merely stronger sometimes. On the contrary, when tlir 
priraaiy wires wcrr cf)nncctcd one after the other, so as to form 
a wire ^200 feet Innp; and 1 niillim. in diameter, the combination 
of the lianiiiicr and oilod-silk c (jii(ienser considerably diminished 
the spark-distance ; a phienomenon which at Hrst si<^ht appeared 
strange. At the same time, however, a continual crackling eoidd 
be heard in the condenser. The remarkable plirenomenon, there- 
fore, was caused by the extra current, owinir to its lucreased in- 
tensity, peiietratinc: tlie eondc user in the form of sparks-**. 

The iuminous phainouieua of the induction current in the 
electric egg arc also very well developed when the hammer vi- 
brates in a vacuum without the condenser ; u})pareiitly just as 
well as when the hammer works m uu, and is connected with 
the condenser. It is here of importance to what degree the 
rarefaction is carried ; if it amounts to about 1 line of mercnry 
preesure, and at same time a great intensity is given to the 
current by devebping it in a wire 10^000 feet fong^ the eombi* 
nation of the eoncwDiHBr widi the hammer vibrating in a vaeuum 
it without iufluemse upon the phtenomenon ; in the opposite ease 
it inereaaea the phienomenon m the same manner aa when, at a 
HDtmer timef^ the hammer played in free air. 

With reference to the cause of the action of the hammer m a 
vaemun^ I will only remark that it appears to me to be of the 
same nature as that of the eondenaer. 



The vibrations of the hammer in a vacuum are very interesting 
and inHtnictivc in the study of the extra current whieli is deve- 
loped in the proper circuit of the galvanic current^ partly by the 

* The condenier is of eouise perfimted by this, so that I have slwajs 
discontinued the pxpfrlment nfter a very short time. Small holes* however* 
appear to injure the action of the oondemer but little, if at all. 

t I'iul. Mag. vol. X. p. VJJ. 
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mutual action of the coils of wire, partly also and principally 
through the influence of the soft iron oora in eonnedon with the 
interrupting hammer. 

For this purpose it ia beat to remove the induction onil for the 
time^ and to retain only the primary coil in connexion with the 
g^vante battefy and the hammer. 

U, in the first place, the wires of the primary coil he connected 
cither side by side, or one after the other^ in such a manner that 
ibe cnrrent must traverse them in opposite directions, instead of 
in the same direction, as is usually the case, the productiim of 
the extra current will be effectually prevented, and on this account 
only a very small spark of a puraly galvanic nature is observed 
at the point of interruption where the hammer vibrates in a 
vacuum*. The insertion of a soft iron core into the primary 
ooil has no influence upon this result, for the iron, as will oe 
readily seen, is not mi^netised. The addition of a ccmdenser is 
equally without effect. 

Passing from this combination to that wherein the current 
traverses the wires in the same diri ction, ihv intlucncu of the 
extra current shows itself immediate ly and m n remarkable 
manner. The scarcely perceptible galvanic spark e\])aTi(ls itself 
into a luminous phsenomenon, whose magnitude is actually sur- 
prising when we consider that it is obtained from a wire only 
100, or at most 200 feet long. Notwithstanding its uiHgiiitude, 
ll()^vever, it is explained by the fact, that, previous to its deve- 
lopment, the above wire constituted a complete circuit to a cur- 
rent of comparatively great intensity. 

In general this phjenomenon consists of two parts: a more or 
less luminous spai k at the place where the current is inteirupted, 
and a soft, cleai*, blue light surrounding the uciglibouring paits 
of the hammer. The formation of both, however, is different 
according aa the galvanic current i^ excited by one, two, or three 
of Grove's elments; aoeofding aa the wires are conneeted sidehy 
aide or one after the other, or a soft iron core inserted in theeou 
or not } and lastly, according as a condenser is used or not. I 
have generally cmjjlu vi-d a battery of two of Grove'a elements^ 
and connected them with the hammer so that the pin formed the 
negative pole. Under these circumstances the following was 
observed. 

By combining the primary wires side by side, the spark is 
pretty strong, but the blue ught very weak, provided no soft 

* This method of roniM'ffinir ihv \\\vv< is ]M>r!ir\p^ tlir onW pnirtirnl 
nieanii of excluding tlu mtiiicnt-f uf luductiou currents when measurmg the 
velocity with which cicctncity is propa^ted ; au lufluence to which must 
he chiefly ascribed the e&iisordiiisry duiiaritv between the results slresdy 
obtained. 
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iron is employed. When the Bolt iron core Ib inserted in the 
ooilf the intensity of both inereases^ bat it is the spark which 
especially gains magnitnde and bnllianf^, and in these respects 
is at least three times greater than the spark in free air. It 
actually assames the form of a small flame bursting forth on 
all sides from under the pin^ in the midst of which ^e point of 
the piu may he distingoished as a bnlli ant luminous point. The 
blue light, on the contrary^ covers all the neighbouring parts of 
the pin^ which forms the negative pole, with its beautiful bright* 
ness, and would undoubtedly spr«»ditself more were the hammer 
suitably oonstructed^. 

When employing soft iron, the eondenser has scaredy any 
influence upon the phseuomenon ; without soft iron it weakens 
the spark a little, and destroys the blue light completely. 

The primary wires being connected end to end, the spark 
becomes smaller and less luminous. The bine lit^ht, on the con- ' 
trary, is more (levp)<iped, if not more beautiiully blue. 

\\ hen the euiTent is reversed, it i« the vibrating hammer 
which becomes covered with the blue iit;ht; tliis is not only 
beautiful to observe, but also gives rise to a remarkable occur- 
rence : the anterior part of the tongue between the pin and the 
armatuK , winch is not traversed by the current, receives a lumi- 
nous co\ (Till*::. 

The above-mentioned phsenomena are well calculate to render 
perceptible the influence of the soft iron core in its several forms. 
A massive soft iron bar introduced into the primary coil weakens 
the action which this coil exertd when alone, in exactly the same 
manner as it decreases the spark when the hammer vibrates in 
free air. On the contrary, a hollow bundle of wires, whose walls 
are tolerably thick, is just as effectual as a full bundle, and its 
aetion is little or not at all diminished when a solid bar is intra> 
duced into the hollow axis* . The most efiectnal means of in- 
creasing the luminous phamomena, however, is to place the coil 
in the middle of a very long bundle of soft iron wires; for this 
purpose I employed the one before describedf, whieh is three 
times as long as the coil itself. 

The insertion of the induction coil into the primary coil has 
no influence upon any of the phnnomena here describmi, so Umg 
as the former remains unclosed, and does not present a clos^ 
circuit in its interior. When closed, however, either by metallic 
contact or by a well-exhausted electric egg, its insertion weakens 
the luminous phenomena at the hammor, vibrating in a vaenum 

* Neef himself allowed the hammer to vibrate in a vacuum ^'og. Jnn. 
vol. Ixvi. p. 432), but the smsil intenril^ of his appantus did not, oreoaise* 
permit him to see the phienomenon in its fuU developnient. 

t Pbil. Mag. vol. x. p. 6. 
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very much. This is a very clear proof oi the reaction uf the 
iiidiiction current upon tlic extra ciin-cnt. 

It may also be mentioned, that when the hammer vibrates in 
a vacuum, and when the parts which beat aij:ainst one another 
arc of phitinum, the hitter are very much attacked. The platinum 
part of the tongue, the brass part above it, the screw of the pin, 
and the mountings are all greatly blackened. This black powder 
evidently consists of finely pulverized platinum, which, when the 
hammer is in activity, can be seen scattered in small sparks from 
the point of the pin around in all directions. 

Owing to this strong action upon the hammer, the above- 
described method of increasing the intensity of the induction 
current is scarcely to be recommended in practice ; nevertheless, 
theoretically considered, it is certainly not less interesting than 
the three methods already known ; by the condenser, by allowing 
the hammer to vibrate under water, and by interrupting the 
current between the poles of a magnet, which last method was 
investigated by Rijke. 

The action upon the hammer, however, can be considerably 
dimiuished by substituting a silver in place of the platinum pin. 
The sparks then assume a green colour, which is particularly 
visible in daylight. 



XXIV. On an Electrual Apparatus which acts the pari of a Valve, 

By M, J. M. Gaugain. 

MGAUGAIN has recently communicated to the Academy 
• of Sciences in Paris, a Note- on an Electrical Apparatua 
which acts the part of a valve 'I'. The subject haa been further 
examined by M, ftiess, an account of whose researches we intend 
to appear in a suhaeqaent Number of the Philosophical Maga- 
zine. M. Gaugain remarks, that there is a numerous class of 
electric currents which are considered as being formed by the 
•accession of several other currents, with directiona alternately 
oppoaed to each other. To fix definitely the true constitution of 
tnese composite currents, it was thought useful to isolate the 
partial currents which form them; and to attain this end, he 
proposed to devise an apparatus which ahouid possess (like a 
valve) the power of arresting currents having a certain direction, 
while it should leave to those flowing in an opposite direction 
perfect freedom of passage. Several combinations which fulfil 
thia condition more or less completely were successively studied; 
they were based on the known properties of points, and on the 
experiment of the pierced card. We will here^ however^ limit 

* Comptti Rtndui, voL id. No. 18. 
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onnehnm to ibe dMcnriptioii of an appantna wberewitli M* Qwat" 
gain has obtained teamta nmdi more MtisfiMtonr tlum with any 
other, and which ia founded upon an obaemd faet wkaA he 
bdiem to be new. 

Let an ordinary eleetrie ^* be taken, and let the upper knob 
be coated with an insulating aubataneCy the stem which aappovta 
the knob being similarly coated, leaving naked only an exoea- 
sively small portion of the surface of the knoh : let the egg thna 
prepared be placed in the circuit of a Eohmkorff's coil : intro- 
ducing a galvanometer also into the same circuity the following 
facta may be observed : — When the induced eairents which cor- 
respond to the interruption of the inducing current (the only 
ones which traverse the vacuum of the egg) pass from the covered 
to the naked knob^ the intensity of the current indicated by the 
galvanometer goes m\ increasing as the air within the egg is 
ninvf nnd more rarctied ; but this is not the case when the 
iudueed currents pass thrmTcrh the egg ironi the naked to the 
covered knob. Tii tins c nse the luLensity nf th<' current goes on, 
at first advancing: as the pressure is duiunished; but when thia 
pressure desccTuI^ 1)l1ow a certain limit, the deviation of the gal- 
vanometer diniinishes; for a certain pressure it becomes zero, 
and finally changes the sign when the vacuum is as perfect as 
can be obtained with a good air-pump. M. Gaugain limited 
himself to the establishment of this fact without seeking an in- 
terpretation; this sulliecd for the object he had in view, namely, to 
show that the currents traversed the <jgg freely when they passed 
from the covered knob to the naked one, and could not pass in 
the opposite direction, when the vacuum was suitably made* 
From tnis it follows that the electric egg, disposed as indicated, 
can act, in relation to certain currents, the part of a valve with 
respeet to li(|uids. 

M. Gaugain believes thai this electric valve may be nsefol in 
a certain number of researches, and he has already applied it to 
the solution of a question raised by M. du Moncd in one of the 
last GommuuicatioDs made by the latter to the Academy of 
Sciences. When a condenser is interposed in the induced cir- 
cuit of the apparatus of Ruhmkorff, the motion of the electricity 
continues, as is proved by the physiological and luminous effects 
produced on the circuit : but two different hypotheses may be 
made as to the nature of this movement. It might be supposed 
that the electricity propagates itself across the insulating film of 
the condenser in the same manner as it passes through a con- 
ducting body, and in this case its direction would be constantly 
the same ; it might, on the contrary, be supposed that the two 

* A glass receiver shaped like an egg. 
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deelriettieflj developed by the indactioii appanitiift^ tccuiiiiikte on 
the two nwfacea of the eondeiiaer daring the time the electro- 
motive force is actiTe^ and that they reoomhine as soon as this 
force ceases to aet. According to this latter hypothesis, the 
current ought to puss in opposite directions alternately; the 
rigorous discussion of the facto M. Gaugain believes sudOicient 
to decide which of those hypotheses is the true one ; but the 

Siestion may be resolved in a decisive manner by means of the 
ectric valve. 

To render our language definite^ let us suppose the condenser 
employed to be a Frankhn's plate^ placed horizontally, and that 
its inferior surface is in communication with the negative pole of 
the induced circuit of the induction apparatus; let two different 
commuuications A and B be cr^tnhHshed between tlic positive 
pole of the apjjuratus and thr superior armature of the con- 
densrr : in each ot tlicsc portions of the circuit let a galvano- 
meter and valve be introduced, and let the two valves be disposed 
in sueh a manner that the currents can pass iu the circuit A from 
the pole to the condenser, and that, on the contrary, they can 
oiil) j)ass in the circuit B when they are directed from the con - 
denser towards the pole : it is easy to sec what must take plact; 
acording to each of the hypotheses between which it is our wish 
to decide. If tlie direction of the r ii rents be constant, they 
will pass exclusively in the circuit or exclusively in tlie cir- 
cuit B ; if, on the contrary, the motion of the electricity consists 
of a succession of two currents alternately opposed to each other, 
the two circuits A and B will be traversed simultaneously by the 
opposed currents; and the direction of these currents, deter- 
mined only by the disposition of the valvej will be independent 
of the dir^^n of the inducing current. Now it is in this latter 
way that the facts exhibit themselves ; the existence of currento 
which traverse at the same time the circuits A and B may be 
proved, either by the simultaneous appearance of light in the 
electric eggs, or by the deviation of the galvanometers. The in- 
tensities of the two currents differ very little from each other; 
this may be inferred from the following numbers : in one of the 
experiments the deviation corresponding to the current which 
charged the condrtr ( r was 63 degrees; the deviation due to the 
current which discharged the condenser was 61 degrees. It 
evidently resulto from this experiment, that the motion of the 
electiifity in a circuit interrupted by the interposition of an 
insulating film is formed by the succession of two alternate 
currents. 

In a recent number of the Comptra RenduSy M. Gaup:ain has 
described further experiments of this nature; wcBbn]! takeocca- 
sion to refer to thctn m an early Number of this Journal. 
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IN a previous memoir I have Bhown that equal weights of 
copper are obtained, by submitting to the action of die 
same current different electrolvtes in which copper forms the 
positive element^ or what is called the eatum» 1 proposed also 
to stud^ the different electrolytes of which hydrogen is the elec- 
tro-posttive radicsl^ and had €ven commenced some experiments ; 
but 1 have given up this investigation^ which has become useless 
since M. Desprctz published his researches upon this subject, 
and announced his intention of pursuing them. I shall here 
limit myself to the relation of the following observation upon 
the decomposition of water. 

When distilled water is submitted to the action of a somewhat 
powerful battery (sixty small Grove's elements), the gaseous 
bubbles which are disengaged at one of the electrodes are attracted 
by the other electrode, probably in consequence of the great dif- 
ference of tension of the electricity at the surface of the two 
poles. The molecules of g:as, and porhaps of water, electrized 
by th( ir contact with oneof thepoles, discharge themselves upon 
the other. 

It is possible that, by this mechanical transfer, if i may call 
it so, there may be a passage of a certain quantity of inefficacious 
eleetrieity, which will necessarily be greater the nearer the elec- 
trodes are to eacli otlicr. But I do not know whether the 
amount of this may become considerable. 

The same tiling does not take phiee in acidulated water, the 
conductibiHty of winch is much gn au r, because the difference 
of tension of the two electrodes is much less considerable. 

To return to the law of electro- chemical equivalents. We may, 
I think, consider that the above-mentioned researches have de- 
monstrated, that, in taking separately the groups of different 
electrodes from which the current separates the same electro* 

eositive radical or eatim, the law of Faraday is exact, within the 
mits of errors of observation. Buff has proved a second point ; 
he has shown with nitrate of silver that the point of silver sepa- 
rated is exactly in proportion to the quantity of electricity which 
traverses the electrolyte, whatever may be the intensity of the 
currentt. 

To complete the verification of Faraday's law, it is necessary 
also to show that a similar current traversing electrolytes, the 
electro-positive elements of which arc different, separates weights 
of these elements proportionate to their chemical equivalents. 

* Fkom the Comotes Rendut for August 6, 1855, p. 220. 
t liebig't Annaleih vol. Ixzxv. p. 1. 
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It is with thig view that 1 him undertaken the following expe- 
riments, by means of which I have compared the qnantitiea of 
copper, hydrogen^ and silver separated by the carrent. I have 
also tried some experiments upon lead» but they did not lead ta 
n satisfactory result* 

I. Canmaman of the quantities of copper and hydrogen sepa^ 
rated by the same current, — The comparison of the quantities of 
copper and hydrogen separated by electrolysis has been effected 
by means of a somewhat complicated apparatus, which it would 
be difficult to describe completely without the aid of a figure. I 
shall therefore confine myself to indicating briefly the mode in 
which I have operated. 

An electrical current traversed simultaneously a solution of 
sulphate of copper, and some acidulated water. The copper 
deposited on a platinum wire was weighed directly. The hy- 
drogen was determined by combustion, as in an organic anahsis. 

In preparing the sulphate of copper, in its electrolysis and the 
weighing of the deposit, 1 operated exactly in the same manner as 
in the researches upon the salts of copper previously referred to. 
Considerable difficulty is met with in the exact determination of 
the quantities of water decomposed by the pile. In fact it is to 
be feared that a portion of the gas set free combines afresh. 
The circumstances which may be in favour of this recombination 
are, — 1, the mixture of the hydrogen and oxygen in the presence 
of the platinum wires, especially if a part of the oxygen is in the 
state Of oione ; 2, the contact of the hydrogen dissolved in the 
water with oxygen in the nascent state; 8^ the formation of 
binoxide of hydrogen, that is to say, of a very oxidising body 
which may bum the hydrogen. These causes of error are avoided 
principally by separating the gases from the moment of their 
formation^ and raising the temperature of the electrolyte. Tlie 
best mode of separating the gases appeared to me to consist in 
plunging the electrodes in two separate test^tubes^ united by a 
siphon filled with acidulated water. They were kept at a tem- 
perature of 140^ to 158^ F. The hydrogen disengaged from 
one of these test-tubes passed first through a series of desiccating 
apparatus, and then traversed a combusticm-tube. The water 
was absorbed in weighed tubes. A current of atmospheric 
air which traversed the apparatus at the same time^ served to 
draw the whole of the hydrogen into the combustion-tube at the ^ 
conclusion of the experiment, and to prevent the detonations 
which would inevitably have been produced if the proportion of 
hydrogen had been considerable. 

I made a certain number of preliminary experiments to deter- 
' mine the strength of the pile which it would be necessary to em- 
ploy, and to ascertain the limit of exactitude in the observations; 
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I believe that we cannot hope in these experiments to nieaiiiire 
the quantity of water absorbed with certainty within 0 001. 

The definitive experiments were made with twenty Bunscn's 
elements. 395*6 was taken as tliu equivalent of copper, and 
112*5 as tliiit o! water. The it^alts are given in the following 
Table 



Nutnben 
of the ez- 
psiment*. 


Duration 
of the ex- 
Itcriannf. 


Wdght of 
copper de- 


Weight uf water abtorbed. 


Absolute 


1 

BclatiTe 


C«lc«l«t«d. 


Fomd* 


differetice*. 


differences. 


1 
8 
3 


hours. 

6 
6 
18 


04133 
0'48S6 
1*0138 


0-1381 
0-8888 


01 180 
0>138a 
0*8871 


+0-0004 
+0<HH)1 
-OKWU 










0-5439 


05433 


-o-oooe 





It appears that the absolute dififercnces do not exceed the 
limits of exactitude to be expected. The greatest difiereoce 
is of the total quantity of water absorljccl, aiid the average 
relative difference only extends to tj^j. Faraday's law is there- 
fore verified by these experiments. 

TI. Comparison of the quantities of silvfr and copper separated 
by fhp same current. — The eoniparisou of the weights of copper 
and t^iUer separated by the action of the pile is mucli easier. 
Th( t'iectrolyte^ which I have employed are pure sulphate of 
copper and nitrate of silver. 

The electrolysis of tlie sulphate of copper was effected as in 
the preceding experiments, and that of the nitrate of silver nearly 
in the same manner. A neutral solution of nitrate of silver was 
placed in a Lube closed at one end. In this a platinum wire was 
immersed as a netrativc electrode, and a silver wire as the posi- 
tive one. The silver deposited was washed with distiilcJ water, 
then left to dry in the open air, and weighed. My first experi- 
ments did not present complete exactness^ from certain causes 
which were afterwards avoided. 1350 was taken as the eqniva- 
knt of silver. The following Table contaiiis the reanlte of the 
final experiments 



Nnmhpn 
of fxpcn- 
ments. 


Ptiratiou 
ot the ex- 
periment!. 


Weight of 
silver de- 
posited. 


Weight of copper deposited. 






Calculated. 


Found. 






1 

8 
S 


hours. 

n 

8*80 


gr. 

0-8781 
0-3890 
1*6084 


52573 
0-1178 
0*4713 


^■ 

0-5J572 
0*1168 
0*4708 


-OKXH)l 
-OHNMM 
-OHMOS 










0-8458 


0 8448 


-0-0010 
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The absolute^ differences may be entirely referred to possible 
errors in the weighiD«:. We may observe that the values of the 
chemical equivalents themselves are not determined witli greater 
accuracy, for if we only admit 395*1 as the e(|ui\ ah'iit of cop- 
per instead of 31)5 6, the law is mathematically verified by the 
average of these experiments. 

Cmwhuiio/i. — The weights of copper, hydrogen and silver, 
separated by the same electrical current, are in proportion to the 
chemical equivalents of these bodies, and Faraday's law is veri- 
fied within the hmiis of errors of observation. 



XXVI. Noikm re^ftecHng New Books. 

A jyenttse on the CnJruh/!f of Operations. By fhf Rev. Robkkt ( ar- 
Micn AKL, A M., Fellow of Trinitij College, Dublin, and Member of 
the Royal Irish Academy, London : Longman, Brown, Green, 
and Longmans. 1855. 

'T^HIS is a work wliich will be welcome to every mathematical 
-■- student, for it will, in a great measure, supply a want which 
has Xoivj: been felt. The Calculu? of Operations ranks amongst the 
most important improvements whit h modern mathematicians have 
introduced. It orip'inatcd in a profound invpctigation of the essential 
nature of all existiug operations, whereby it was found, lhal, altliuugh 
they differ considerably in their objects, they have nevertheless so 
much in common that tfae retulte obtained by one operation may, 
wiUta few modificatkma, be tianalated into the language of another ; 
that each, in £Buct» is a particular interpretatian of far more general 
results, which are susceptible of an unknown nnmber of interpre* 
tations. 

A wide field of discovery is thus opened to the mathematician. 
Not only arc operations in dilFcrential calculus, in integral calculus, 
and in tlie calculus of finite differences, in some case?, immensely 
facilitated, but an intimate relation between these operations is esta- 
blished, and the key obtained to still hiL;ber and more complicated ones. 

Such being the importance of the subject, no doubt can be enter* 

tuned that & calenins of (Operations might be introdneed into cnr 
denentary confse of instmetion at a fnr earlier period tiian it is aft 
pvesent; bnt in order to do so, its dmentary principles most be 
first demonstrated with all that Indd precision and completeness 

which is necessary to interest and carry conviction to the young 
student, and thus enable him to employ the odculus with confidence 

and facility. Thi'' is scarcely the object of the book under review. 
The author lias furnished an admirable text-book to those who are 
already, to some extent, acquainted with the calculus. He has stu- 
diously avoided " all prolixity of detail a^^ alike unnecessary and 
wearisome " to them, but we may add, important and not neceS' 
sttrily wearisome to the less advanced student. To such intentions. 
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of course* no one oui take objection ; and the lets 00, as m this in- 
stance they have been Mthliilly executed. Tlie reaeaicbes of other 

mathematicians on the subject have been c^ir i fully collected, and 
not unfrequently consideraUy ira])roved ; beaides which the author 

has arlflofl much of his own, and trrnted the subject throughout with 
great ability and defiance. Nevertheless it is worthy of considera- 
tion, whether, by expanding the second ch;ipter on ' Elementary Prin- 
ciples,' and by entering more fully into those details of which w e have 
before spoken, the sphere of the book's usefulness could not be con- 
riderably increased. 

STIe Elements of Plane Practical Geometry, with Illustrative Applica- 
tioM. Bjf £. W. Dallas, F.R.S,E, London : John W. Parker 
and Son. West Strand. 1855. 

Tlie aniln l a object in writing this work was "not so much to 
educate muthcmaCicians as to provide the ordinary workman with au 
iutelligeut reason for many of tho:$e problems of geometry that occur 
in the operations in which he is daily employed* and a knowledge of 
the principles of which must tend to correctness and excellence of 
execution." It is a difficult task to avoid embarrassing such a class 
of readers with too much theory, and at the same time to preserve 
the necessary mathematical precision and sequence. This tn«k the 
author has accomplished with praiseworthy skill ; for althoujrh a 
ni;iihematicittn would certainly detect imperfections, they are of such 
a nature as not tu diminish the value of the book to those for whose 
perusal it was written. 

The number of theorems in the first part is as small as the * work- 
man ' ean desire, and they are demonsfrated concisely and clearly. 
The ])ractiGal proldems in the second part are, for the most part, 
well chosen and skilfully solved. Amongst them the mathematical 
studcfit will recog^nlzo many ' deducibles * whose solutions have co«t 
him !iuu li labour, and he will certainly find it instructive to compare 
his own solutions with those here given. He must not furgLt, how- 
ever, tiiuL m his case the principal value of these problems is to be 
found in sohnng them, racier than tn knowing their solutions. 

The ' observations and applications ' appended to many of these 
problems are not so skilfully chosen as we could desire ; they are 
intended to " afford some indication to the reader of the very general 
application of g^eometr}-," but they do so very inadequately, and it 
it quite possible that thcur perusal may be a source of some dis- 
apj )iiitmeut to the ardent student. Many of them lu" will certainly 
find interesting, others superfiuous, because he would undoubtedly 
have made them for himself ; others, again, he may find trivial, and 
a few, such as the remark about diverging rays in the sky (p. 65), 
are of doubtfiii accuracy. Nevertheless the work wUI be a welcome 
one to those for whom it was intended ; and the fact that it was 
undertaken at the suggestion of the Honourable the Board of Trus- 
tees for the Encourageraent of Manufactures, &c, in ^Scotland, is a 
good guarantee that such a work was needed. 
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Reemi Cambridge Mathematieal IFodb . 

A Treatise on the Differential Caladus, and the EUmentg of the Inte^ 
grot Cakmha, with mtmerous Exam^es^ By L Todbuktbb, M.A„ 
Fellow o/8t» John's College, Cemhridffo, Cambridge : Macmillaii 
mdCo. 1852« 

A JVeatise on Jndytical Statics, with nnmerous Examples. By L 
TooBUMTBE, M,A, ice, Cambridge : Macmilkoi mad Co. 1853. 

SUmenUtry Mechanics* By J. B. ¥beasl, MfA., Fettow and Mather 
matie^ Lecturer of Clare Matt, Camhridge. Cambridge : Mae* 
miUan and Co. 1850. 

Elementary Hydrostatics, «ttsl nmneroas EgempUs, By J. B. Fhbar, 
M,A. Ssc, Cambridge: MaemiUan aod Co. 1853. 

Arithmetic and Algebra, in their Principles and Application, with mi* 
merous systematically arranged Examples, taken from the Cambrit^ 

Examination Papers, with especial rrferenee to the ordinary Exami- 
nation for B.A. degree. Jit/ Barvabd Sjiith, M,A,, Fellow of 
St. Peter's College, Cambridge. Second Thousand, with an addl' 
tional Appendix. Cambridge: MacmiUau and Cu. 1854. 

'i1ie first thing that strikes us in all these publications of Messrs. 
Nlacmillan and Co., is the beautiful way in which they are all printed 
and " got up." Thoee which contain dlaG^rtims and figures have 
them on the same page as the text, whicii a very great convenience 
to the reader. Most mathematical books of late years have all the 
plates at the end ol the volume (for the sake of dieapneaa), an ar- 
rangement which gives constant trouble and annoyance to the stn* 
dent. We would gladly pay a shilling or two extm, if neeessaiy, to 
save all this trouble of turning to the plates every time the figure 
has to be looked at. We come now to the merits of the works as 

text- books on their respective subjects. 

The ' Differential Calculus ' of Air. Todhunter is an excellent one, 
and iias already taken it« place at Cambridge as tlie text-book uu 
that subject. We are fai from thinking that the author has done 
all tliat can be done towards making the principles of the Calculus 
clear and satisfactory; but he has done a great deal. We can 
strongly recommend the work to all students^ whether at Cambridge 
or elsewhere. 

The ' Analytical Stntir«,* by the same author, is, he states in 
the pi t fiu-e, little more than a reprint of those portions of Pratt's 
* MechiuiictU Philosoj)hy ' which treat of the same subject. The 
well-kuuvva work uf i^rutt has been the text-book at Cambridge ua 
all the subjects, almost, of which it treats (from elementary mecha- 
nics up to the planetary theory)^ ever since its first publication. And 
few books have ever deserved their reputation better. It is a first-iate 
book, and we cannot understand why it should be allowed to go out 
of print, as it now is. The publishers, indeed, announce their inten- 
tion of issuing the remaining portions of the work under other editors, 
which may certainly afford an opportunity of imj)rovin'^ tlit huok in 
various respects (for instance, placing the diaj^^iiim- on the tame 
page as the text iui^tcad uf ut the cud) ; but tiic whole work will 
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tfauB become much more expensive. There ie one argument in &Toar 
of this arfBugement, viz. that it wiU enaUe students to imichaeeonlj 
tfaote parts which they immediately want; and those, for example, 
who only want the elementary suhjects, need not buy the part on 

the lunar and planetary theories, &c. 

Notwithstanding the typographical beauty of this new edition, 
there are misprints and errors in the examples which the editor will 
probably correct in a future edition. The additional examples form, 
indeed, the chief recommendation of this new edition over die original; 
but the greatest care ought to be bestowed to ensure the perfeet Mm- 
racy of these examples* which otherwise will only serve to confuse 
and perplex the student, csjx daily if he has no tutor. The few 
additions to the original text of 'Pratt' are derived chiefly from MSS. 
which have long been familiar to the Cambridge student. 

Mr. Phear's ' Elementary Mechanics ' is also a good elementary 
text-book. Tlie examples are numerous, and apparently well chosen. 
We extract two simple ' questions,' one from his ' Mechanics,' and 
the other from his ' Hydrostatics,' as good specimens of a da$8 of 
questions which we should be glad to meet with more frequently in 
examinations and books : — 

"A shopkeeper has a folse balance, and thinks to make his cus- 
tomers' consequent losses and gains balance each other by weighing 
the goods which he sells alternately in the one scale and in the other; 
does he succeed ?" (Mechanics, p. 107.) 

" Is it advantageous to a buyer of diamonds that the wcigliing of 
them should be made when the barometer is high or when it is low, 
supposing their specific gravity to be less than that of the subatance 
used as the weight ?*' (Hydrostatios, p. 89.) 

The great fault of all Cambridge mathematical books is» tfiat they 
do not bear sufl&ciently on practical subjects. Ingenious problems 
are franud, having no earthly connexion with any practical purpose 
or application, whilst hundreds of questions might be proposed quite 
as good in the way of illustrating mathematical principles and cal- 
culations, and much more useful. Engineers and other practical 
men would often be led to consult mathematical works, and to study 
mathematics, if they found wkai they wmtted in such a course ; but 
unfortunately they find scarcely anytiiing of practical utility to them. 
Cambridge men have themselves acknowledged this defect in their 
system, but few have done anything towards correcting it. The 
following quotation from Whewell's preface to the first pnrt of hia 
•DjTiamics' (published in 183*2), is just as apjilicable now as ever: 
•* Analytical as well as geometrical speculations may be unprofitable. 
The really important applications of mathematics are so numerous, 
that it is by no means desirable to employ the student's time on 

detached and useless problems There can be no doubt of the 

advantage which students derive from working out the results of 
these and aimilar problems as exemplifications of the iqpplioation of 
their principles, [^ut those who would really use their mathematical 
acquirements for the improvement of their fellow-students in this 
place, may easily find better subjects for their skill. There are at 
present a number of branches of natural science to which mathema- 
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tieal calenlation Iim been so far micoeflafully applied, tliat they might 
form a portion ol the subjects of study here, if we had clear and con- 
venient treatises upon them." (Prefiice, pp. xvii and xviii.) 

Wc may also quote the following from a really practical work by 
one of the most distinguished Cambridge men of the present day, 
u-hose example, it is much to be regretted, has not been followed 

by more men of his own university : — 

* "I am not without hopes, that, m additiuu to its principal object 
of giving a scientific and systematic form to its subject, the remUa 
of the volume which I now venture to present to the world may be 
found a useful addition to mathematical studies in general, by afford- 
ing simple illustrations of the application and interpretation of for- 
mulae, and by sugg^esting new subjects for problems, and for further 
investigation." (Willis's 'Principles of Mechanism,' Preface.) 

Mr. Phear's 'Hydrostatics' is not sufficiently copious and expla- 
natory. He (like so many other Cambridge writers) hus sacrificed 
clearness to brevity. But there are aome good examples, and the 
work, like all the others, is admirably print^. 

Of Mr. Barnard Smith's ' Arithmetic and Algebra,' we need say 
no more than repeat the encomium of Dr. Peacock, and recommend 
it as the best book we know on the subject. We may state that the 
' Arithmetic ' is published separately for the use of schools. 



XXVIl. Froeeedmgt of Learned Sacietief* 

SOTAL SOCRfT. 

[Continued fiom p. 149.] 
May 24, 1855.— The Lord Wrottealey, President^ m the Chair. 

THB following communications were read : — 
On a Decimal Compass Card." By James M. Share, Bsq.t 

Master R.N. 

The mariners' compass-needle having of late years received great 
improvements, I am of opinio^ it is high time the card, as at present 
arranged, should take its place by the side of such things as are 
superseded by others better adapted to the advancing spirit of the 
times. 

I venture to make an attempt to innovate on an old custom, by 
suggesting the snbstitntion of a compass card containing thirty-six 
points of ten degrees each — every degree being one-tenth of a point. 

Bv the use of this card the mariner will avoid the constantly re- 
curnug trouble of turning degrees into points, and vice versd. 

The ship's course having been worked out in degrees, the devia- 
tion and local atb!tictiun have but to be applied to adapt it to the 
decimal steering card, thus rendering the ''traverse table for 
points'* no Iong«r necessary to those steering by it; the course 
N. d5^ B. being the same as " north three and a half points east/* 
&o. The same remark applies also to astronomical biearings» am« 
mutbs, amplitudes, &c. 

Should the dccimnl card be adopted, the old-fashioned method of 
" boxing the compass." which takes young people so long to become 

Fhii. Mag. S. 4. Vol. 10, No. 65. B^L 1855. Q 
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familiar with, will be entirely superseded, and I think the sooner puch 
method becomeg obsolete the better it will be for the interests of tlic 
mariner, for, together with other advantages, the tedious operatioa 
of a " day's work " will be divested uf half the usual trouble. 

Wheu giving a course to the " quarter- master," or " man at the 
whe«lff" no mietake, to liable to be the cato at piete^t, can wdl 
oecar ; it will merdjr be necesearj to direct blm to eteer » for Instance, 
"north five pointa east,'* or more briefly, " north five east,** *' south 
six west," &c. die. 

T recollect an instance of a vessel ^tccnnir N.W. by N. ^ N., 
instead of W. by N. -J- N. daring thick ^\ eHther ui tlie Jkl^tol Channel, 
thu3 running into danger Crom the »imilarity oi sound between the 
courses alluded to. 

The nractical application of the decimal card would not materially 
affect the charts preyiously published, which conld have printed 
comMSses contaimog thlrty^sa pointa pasted over the others. Sndi 
might be sold by any chart*seller. 

Obaenrations on the Human Vo&oe/* By Manuel Oaicia, Esq* 
Tha pagea which follow are intended to describe some obstti'tai 
tioDS made on the interior of the larynx during the act of singing. 
The method which I have adopted is very simple. It consists in 
placing a little mirror, fixed on a lon^ handle suitably bent, in the 
throat of the person experimented on against the soft palate and 
uvula. The party ought to turn himself towards the sun, so that 
the luminous rays falling on tiie little mirror, may be rejected on 
the larynz« If the obMrver experiment on himself, he ought, by 
means of a second mirror, to receive the rays of the sun, and direct 
them on the mirror, which is placed against the uvula. We shall 
now add our own deductions from the obaervatioos whieb the image 
fifleeted by the mimr has afforded us. 

Cpmmiffo/the GhttU, 
At the moment when the person draws a deep breath, the epi* 
glottis being raised, we are able to see the following series ol move- 

mentF ; — the arytenoid rartilage« become separated by a very free 
lateral movement ; tlie superior li^^aments are placed against the ven* 
tricles ; the inferior ligaments are also drawn back, though in a les» 
degree, into the same cavities ; and the glottis, large and wide open, 
is exhibited so as to show in part the rings of the trachea. But 
unfortunately^ however dexterous we may be in disposing these 
oigans, and even when we are moat succmul, at least the third 
pwt of lAie anterior of the glottis remains concealed by the epi- 
glottis. 

Mwemmt iff tkt Glottis. 

As- soon as we prepare to produce a sound, the arytenoid carti- 
Ifto^e? approach each other, and press together by their interior 
surfaces, and by the anterior apophyses, without leaving any j^pace, 
or intercartilaginous glottis; sometimes even they come in contact 
so closely as to cross each other by the tubercles of Santorini. To 

this movement of the anterior apophyses, that of the ligaments of 
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lib« s^ottia qonesponds, %vhlch detach tbemwhea from the ventriclea* 
eome in oontact with different degrees of energy, and show tbem- 
selves at the bottom of the larynx under the form of an ellipse of a 
yellowish colour. The superior ligaments, together with the ary- 
tenu-epiglottidean folds, assist to form the tube which surmounts 
the glottis ; and being the lower and free extremity of that tube, 
enframe the ellipse, the surface of which they enlarge or diminish 
according as they enter more or less into the ventiicies. These last 
scarcely retain a trace of their opening. By anticipation, we might 
aay of theae oavitiot, that, aa will altmarda appear dearly enough 
in thcao pagea, they only afford to the two pair ol ligiimanta a 
•pace in whidi tliity may easily range themaelYei. When the 
•ryteno-cpiglottidean folds contract, they lower the epiglottis, end 
make the aoperior orifice of the larynx considerably narrower. 

The meeting of the lips of the glottb, naturally proceeding from 
the front towards the back, if this movement is well managed, it 
Mill allow, between the apophyses, of the formation of a triangular 
space, or inter- cartilaginous glottis, but one which, however, is 
closed as soon as the sounds are produced. 

After some essays, we perceive that this internal disposition of 
the larynx is only vi&ible when the epiglottis remains raised, fiut 
neither all the renters of the voiee, nor all the degrees of intensity, 
are equally itted for ita taking this poattkm. We aoon discover 
that the brilliant and powerfol aounda ol the cheil-iegiater eontract 
the cavity of the UuTnx, and close atill more ita orifice ; and, on the 
contrary, that veiled notes, and notes of moderate power, open both 
so as to render any obaervation easy. The falsetto register especial- 
ly possesses this prerogative, as well as the first notes of the head- 
voice*. So as to render these facts more precise, we will study in 
the voice of the tenor the ascending progression of the chest- 
register, and in the soprano that of the falsetto and head-registers. 

JSmMm ^ th§ Clm-voicf . 
If we endt veiled and fieeble sounds, the larynx opens at the notea 

do, t6, mi, U ■ ■ ■ 4. . 

S 2 2 ^ o " 

and we see the glottis agitated by large and loose vibrations through- 
out its entire extent. Its lips comprehend in their length the ante- 

* bti u hers observe, that three r^slera of voice are generally aduuitcd,— • 
chest, falsetto, aad head. The first begins lower in a maa's voice than in a 
woman's ; the seeond-exteads tqnaUy is both voicest the thM lesches la 
the fomaU voice. 

IhNi ^tkt Mmum Folet UtJkiU e»femi. 




t The mnaical limits we estsUish ia the coipie of thsie psrn vary a UHIi ia 
eash iadhridttaL ' 
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rknr apophyses of the arytenoid cartilagei and the mtl covds; lmt> 
I repeat it» there remains no triangular space. 

As the sounds ascend, the apophyses, which are slightly rounded 
on their internal side, by a gradual apposition commencing at the 
back, encroach on the length of the glottis ; and as soon as we 
reach the sounds si, do, o — . they £nish by touching each 

other throughout their whole extent; hut their snmniits m only 
solidly fixed one against the other at the notes doj^ t6, g-jp-i 



In some organs these summits are a little vacillating when they 
form the posterior end of the glottis, and the two or three half-tones 
which are formed show a certain want of purity and strength, which 
is Tery well known to singers. From tiie do^ r^, || the 

vibrations, having become rounder and purer, are accomplished by 
the vocal ligaments alone, up to the end of the register. 

The glottis at this moment i)rescnts the aspect of a line slightly 
swelled towards its middle, the length of which diminishes still 
more as the voice ascends. We also see that the cavity of the larynx 
has become very small, and that the superior ligaments have con* 
tnotod the extent of the ellipse to less than one-half. 

When instead of veiled and feeble sounds, we make use of full 
and vibrating ones, the glottis becomes visible only at the eounds 

and those above them, a limit which dependt 




to a certain extent on the dexterity of the singer. For all the rest, 
the organs act as we have just said, but with a double difference : 
1. The cavity of the larynx contracts itself more when the voice is 
intense, than when it is feeUe. 3. The superior ligaments are oob* 
traeted so as to reduce the small diameter of the eUipse to a width 
of two or three lines. But however powerful these contractions 
may be, neither the cartilages of Wrisberg, nor the supeiior liga- 
ments themselves, ever close sufficiently to prevent the passage of 
the air, or even to render it difficult. This fact, which is verified 
also with regard to the falsetto and head-registers, suffices to prove 
that the superior ligaments do not fill a generative part in the forma- 
tion of the voice. We may draw the same conclusion by cuubider- 
ing the position occupied by the somewhat feeble muscles which 
correspond to these ligamenta ; they cover extmslly the extremity 
of the diverging fibres of the thyro-arytenoid muscles, and tdce 
part especially in the contractions of the cavity of the larynx during 
the formation of the high notes of the chest- and of the head- 
registers. 

Production of the FaUetto, 
Hie low notes of the falsetto, g^^—^^-^^p sol, laU, lafcj. 

-jy ^ 1^ 2 2 2 

show the glottis infinitely better than the unisons of the chest-voice 
and produce vibrations more extended and more distinct. Its 
vibrating sides, formed by the anterior apophyses of the arytenoid 
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cartilages, acd by the ligameat», become gradually shorter as the 
veioe ascends; at the notes la, si, ^® apophyses take 

3 3 W 

part only at their summits; and in these notes there results a wcak- 

nesa similar to that which we have remarked in the chest-notes an 

octave below. At the notea doj, re, J^ j^n-~<*~ , the ligaments 

4 4 f 

alone oontinue to act ; then begins the series of notes called Aemf* 
voice. The moment in which the action of the apophyses ceases, 
exhibits in the Xemale voice a very sensible difference at once to the 
ear and in the organ itself. Lastly, we verify, that, up to the highest 
sound? of the register, the glottis continues to diminish in l^igth 
and in width. 

If we compare the two registers in these movements, we shall find 
some analogies in them : the sides of the glottis, formed at first by 
the apophyses and the ligaments, become shorter by degrees, and 
end by consistiug only of the ligaments. The chest-register is 
divided into two parts, corresponding to these two states of the 
glottis. The register of falsetto^head presents a complete similarity, 
and in a still more striking manner. 

On other points, on the contrary, these same registers are very 
unlike. The length of the glottis necessary to form a falsetto note, 
always exceeds that which produces the unison of the chest. The 
movements which aijitate the sides of the glottis' nre al^o niij]^- 
mentcd, aii<l keep the vibrating orifice continually halt opened, which 
naturally produces a great waste of air. A last trait of difference, 
if* in the increaseil extent of that elliptic surface. 

Ail these circumstances, which we shall refer to ajjain, show in 
the mechanism of the falsetto, a state of relai^ation. which we do not 
find In the same degree in the chest-register. 

Manner in which I he sounds are formed. 

As we have just said, and what we have seen proves it, the in- 
ferior ligaments, at the bottom of the larynx, form exclusively the 
voice, whatever may be its register or iu intensity ; fur they alone 
vibrate at the bottom of the larynx*. But by virtue of what prin« 
ciple is the voice formed } It seems to me. tliat the answer to this 
question can be but this ; tlie voice is formed in one unique manner, — 
by the eompressioM and expansions of the air, or the mteemwe and 
regular explosions which it produces in passing through the glottis. 

The ligaments of the glottis are situate about the mean level of 
the upper border of the cricoid, close the passage, and present a 
resistance to the air. As soon as the air has accumulated suffi- 
ciently, it ])arts these folds and pioducea an ex])losion. lJut at the 
"-anie instant, by virtue of their elasticity, and the pressure from be^ 
low being relieved, tlieymeet again to give rise to a fresh explosion. 
A series of these compressions and expansions, or of explosions, 
oeeasicmed by the expansive force of the air and the reaction of the 
glottis, produces the voice. 

* We gladlf acknowledge that this moit importsnt fiujt hss besa slready 

announced by J. Muller, although we have our objections to the iheovy which 
accompaiuet it.— ifemttiicA der PhjftiUogM dm Mtmeken* 
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This theory, though now generally admitted for reeds, and un* 
doubtedly evident in the liquid vein, the toothed-wheel of Savart, 
the eyrene of the Baron Cagnard Latour &c., has not to my know- 
ledge, been yet applied to the glottis*. If we consider that the 
fijM al this •pertore, taken aepftrRtely, can give no kind of aonnd, 
bowefor we may try to make them apeak, we moat admit tliat iSbt 
aouida which they give forth by their mutual action, are only owing 
to the ezjdoaions of the air produced by their strokes f. It is not 
necessary in order to obtain the explosion of sound, that the glottis 
should be perfectly closed each time after its opening ; it suffices 
that it should oppose an obstacle to the air capable of developing its 
elasticity. In this case the rushing of the air is heard accompanying 
the sounds, and they take a veiled, and sometimes an extremely 
mnflled character ; an obaenratioa whidi we have already preaeated 
to the raader'a notiee in speaking of the fiJaetto. 

Conjectures on the Formation of the different Registers. 

As the entire system of vibrations arises solely from the inferior 
l^aments, it is evident that the cause of the different tones called 
registers, most be sought for in the muadea which set these liga* 
menti in nmticm ; and that the otiier parte of thn laiynz moat be 
oonaidered only aa apperatns for strengdMoing the aounds obtained* 
nad for modi^ring their quality. In ovr efforts to discover the mon 
intimate processes of the vocal organs which produce the sounds^ 
we shall recur at once to the observations already mentioned, to 
some anatomical remarks which we are going to make, and to the sen- 
sations which we feel in the organ itself whilst it is producing sounds. 

If we detach one of the halves of the thyroid cartilage, we shall 
aee a large mnacnlar sarfiMe of oblique fibres, which filla all the 
apace hereon the arytenoid and tiiyraid cartilages. Atita upper 
end is to be seen the mnade corrcaponding to tiM anpeiior mat 
ligaments, and which sometimes extends to the notch in the 
thyroid. After detaching this generally frail muscle, all the fibrea 
constituting this muscular surface seem to start from two opposite 
centres, viz. the anterior surface of the arytenoid, and the re-enter- 
ing angle of the thyroid. These centres, occupying the extremities 
of a diagonal line, send their fibres towards each other in parallel 
lines. Those which atart from the anterior face of the arytent^ 
descend obliquely ; the meet eitemal ones go to the cricoid, whoae 
posterior half they cover at the aide ; the moat internal ones de- 
scend to the vocal membrane which they cover entirely. The 
ftbrea which terminate at the membrane become longer, as they be- 
come more internal. Those which start from the re-entering angle 

* I find that Dr. Miiller hints at the possibility of the voice heiiig thus formed, 
but only to attack and reject the notion.— ^ani/^iicA der Phyiiologie dea Menschen, 

^ Many cuutiuvcitiet have siiise rapecHii^ tbe tomids lomctiinet smHted by 
animals after the section of the superior and recurrent Ian, ngeal nerves ; sounds 
which have been perhaps occasioned by the itruggling of the animal causing a 
•welling of the neck and a mechanical contact of the vocal hgaments. However, 
withoot donbt, tfter the sedioii of these nerves, voiee, as a vohuitsiy set, can no 
longer take place. 

X We thus designate thai part of the membrane which goes from the bottom 
of the voosl ligament, to the edge of the erisold. 
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of the thyroid, reasceud obliquely to the summit of the arytenoid, 
then diverge in order to form the sides of the ventricles, and then 
disappear in the aryteno-epiglottidean folds and even the under sor- 
ftoe of the epiglott». If we cut it away in raccetnye layers, pro- 
ceeding/rofli the outside to the in, we reaoli a tUck bundle <k fibres, 
pexfeetly hoiizoiital« whieb line the outer aspect of the vocal liga* 
ment, and which go from the anterior apophyses of the arytenoid 
to the re-entering angle of the thyroid*. 

Tliia bundle has its posterior half covered by the lateral crico* 
arytenoid muscle, and its anterior half ])y the diverging fibre*: which 
start from the thyroid. If we cut away the horizontal bundle in 
successive layers, we see that the fibres are not all of the same 
length ; the most external fibres are the longest, and the succeeding 
ones get gradually shorter as they become more internal; but they 
all originate in the anterior cavity of the arytenoid, and the muscle 
is tns«rted in the manner above explained throughout the whole 
length of the vocal ligaments, the tbyro*arytenoid portion it ex- 
cepted. As the fibres sll begin from the aiytenold, and tenninate 
auceessively at more distant points of the membnaie» we see that the 
muscle is thicker behind than before. 

Thus the vocal ligament, and the membrane which depends from 
it, the sole sources of all vocal sounds, are under the direct action of 
the fibres which come from the anterior cavity of the arytenoid ; the 
lig-ament under the action of the horizontal bundle, the merabmne 
uiKlor th;it of the oblique fibres. The long horizontal fibres, ex- 
tending from one caiuiage to the other, are placed at the exterior of 
the short horizontal fibres, and at the interior of the obUque fibres. 
The diverging fibrse which start from the tbynnd. aotbg only on 
the euperior vocal ligaments and the folds, seem to influence by 
their oontraotions only the quality and volume of the voice. 
" Tlie remarkable arrangement of the fibres which we have just ex- 
amined, enables us to explain a fundamental fact,— the elevation of 
the voice. The fibres of the horizontal bundle being placed over 
each other, in layers, one covering the jothcr, aud getting gradually 
lont^er ;ind longer, m they become more e.xterual, extend their action 
to the more anterior parts of the edges of the glottis. This progress- 
ive action from the back to the front, encroaches gradually on the 
length of the vibrating poi Ciou ui Uie ligament, and likewise mcieabes 
its tension, and ita Multy of aoceleiating its pulsations* 

Another portion of the thyro-arytenoid muscle at the same time 
atretches and raises the vocal membrane mofe and more, causing a 
lesser depth of the ligaments to be in contact, in proportion as the 
sounds become higher, and thus assists by increasing the mobility 
of the ligaments. 

We shall see in a few moment? that the rotatory movement, 
which the external fibres of the lateral crico-nrytenoid muflcles give 
to the arytenoid, by making the vocal membrane deeper, partly 
counteracts the above effect, and produces the chest-register. 

The crico-thyroid muscle, on the contmry, is a powerful auxiliary 
in the elevation of the voice. This muscle, which at the same time 

* Another portion of the thyro-arytenoid nntele. 
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causes the thyroid to come forwards and downwards, gives rise to a 
mechanical tension, not only in the vocal ligament, but even in the 

whole vocal moinhrnnc. The meeting of the thyroid and cricoid 
cartilages, which wq crrn feel by the touch, becomes cs]^ccially 
marked when the inter-ligamcntous glottis alone produces the sounds, 

which takea place as we have seen at the notes do$, re, 

in the ehest.register, and an octave above for that of the head ; with 
this difference, however* that for the latter a more vigorous and 
complete connexion is necessary. 

Let us now see what we may learn from the sensations we feel in 
the vocal org^nn. When we produce a chest note, the least attention 
enal)les us to distinguish a *' pinching" at the posterior part of the 
glottis, wliicli becomes more vigorous fis the notes ascend. Hiis 
pnching seems to be formed by exteiisiou ui the depth of the tourh- 
ing surfiuies, and may become very painful; whilst the notes of 
setto, when higher than chest ones, give comparatively great relief to 
this part, and the surfaces in contact seem to have become thinner. 

If we combine these sensations wilh the different remarks which 
have been furnished to us by the examination of the muscles, wc 
can £x the particular mechanism of each register* 

In fact, when the arytenoid muscles have brought in contact the 
arytenoid cartilages, and closed the glottis, the voice may take two 
very differt^nt characters ; nny, more, it will be produced in pitches 
widely apart from one anotlier, and will give forth the chest, or 
ftilsetto reqi^tcrs. according as the fibres of the thyro-arytenoid 
attached to the vocal membrane are active or not. By the action 
of these fihies, as we have seen, this mnsde laisea the vocal mem« 
brane, and makes its apposable part thinner; whereas the latorai 
crieo-arytenoid gives a rotatory movement to the cartilage^ which 
brings the apophyses into deep contact. This deep contact, which 
continues even after the apophyses no longer partake in the vibra- 
tions, gives a deep tension to the membranes, increases the depth of 
their contact*, and, as a necessary consequence, augments the re- 
sistance they present to \hc air. It is to the extent of this resistance 
that we attribute the foimatiuii ui the chest-register, so distinct by 
its particular amplitude. To it we attribute also the stowncas of 
the beats of the glottis, and the consequent low pitch of the sounds* 
a pitch which, even in the highest tenor vmees, is at least an octave 
lower than the head notes of ordinary soprani. 

R^kter a/ Faketto, 

When, on the contrary, the external fibres of the lateral crico- 
arytenoid muscle remain inactive, we produce the falsetto. The 
lips of the glottis, stretched by the horizontal bundle of the thyro- 
arytenoid, come in contact by their edge aloncformed at once by 

the ligament and the apophyses, and offer little resistance to the 
air. Hence arises the great loss of this agent, and the general 
weaknc&s of the sounds produced bere. 

* U is then that we feel the itiuchuig of which we have spoken. 
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But as soon as we reach the sound do, the beats are produced by 

the ligamente exclusively, and we have attained the head- register. 
It is certain, as we may deduce from the movement of the ligaments, 
that then the vocal membrane raised by the action of the fibres of 
the thyro-arytenoid muscle, and its surface is diminished to an edge; 
but we think that tlie external fibres of the latt. ral crico-arytenoid, 
which would prevent this movement, remuLn inactive. Tlieu uiso 
the very decided teiiricm» which the ciico-thyrcnd muecle eflfects cm 
the vocal tendont,and which acceleratee their morements, takes place. 

During the chest^register, therefore, the Tocal ligaments are 
stretched, and are in contact to an extent corresponding with the 
depth of the anterior apophyses of the arytenoid, whilst in the 
falsetto the edti^e?' alone of the ligaments are stretched and apposed; 
in both cases the sounds being foi uied, not by the actual vibrations 
of cither the whole or part of the tendons, but by the BUCcessiTC 
ejcplosioos which they allow. 

Pressure of (he Air. 
Until now, in our remarks on the manner in which the voire i« 
formed, we have only reterred to the rigidity ot thi i^liftti-, ;i ri^j^idity 
ueces^Ty to accomplish the 1056 vibrations iu tJiie .^cc iiul , which 
form the do of the chcbt-voice, and lu accomplish liic double number 

4 

which produces the octave above in the head-voice. There is, notwith- 
standing, another indispensable element for the production of vocal 
sounds, the pressure of the air. Pressure, as is well known, developes 
an elastic force in this agent, in a degree inverse to the volume 
which it occupies. It is by means of this power that the intensity 
of the sounds Is obtained. The intensity of the sound can only de« 
pend on the quantity of air which goes to each sharp explosion. I 
say sharp explosion, as an express condition: the glottis should 
close itself perfectly after every vibration ; for if the air found a con- 
stant passage, as in the notes of falsetto, then the greatest move- 
ments of the glottis, and the greatest waste of air, would produce 
precisely the weakest notes. To reject this theory would be to 
attribute the intensity of the sound to the extent of the vibrations 
accomplished by the lips of the glottis, and to suppose that these 
lips, each taken separately, possess the power of pvodttdng sounds* 
suppositions quite contrary to the lacts. 

The elastic force of the air srises not only from the compression 
of the lungs, but also from the contractions of the trachea, which 
adjusts its calibre to the different dimensions of the glottis. It is 
by mtaiis of this force that the air conqner3 the continually-in- 
creasiiii; obstacle presented by the lips of the glottis when they 
produce sounds more and more intense. 

Thus the problem of the elevation of the voice, always complicated 
with that of its intensity, in order to be com^plete, ought to show 
the connexion which exists between the tension of the lips of the 
glottis, the pressure of the air, and the number and intensity of the 
explosions obtained. As a consequence, we may state tliat the 

« Poaillst,PJiilfM»8isdiSdiik>a,voLii.pa8e77. 
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preatcr pressure of air necessary to produce the greater intensity, 
would at the same time increase the number of pulsations, and so 
raise the tone ; but to prevent this, the glottis must at the same 
time be lengthened* and vice versd ; or. in other words, that the dif- 
ferent lengths of the glottis ean, under diflfeient dmees of pressove, 
produce the same number of shocks^ but at difoent degrees of 
intensity. 

0/the Quaiities of the Voice. 

Varlotis simultaneous causes modify the qualities of the voice 
1, according ns the glottis partially or entirely closes the passag^e 
between the explo«ions, it produce- veiled or brilliant sounds ; 2, Uio 
tube which sunaounty and surrouadb it aiso greatly affects the 
quality of the voice ; by it^i contractions it gives brilliancy to it and 
its widening volume : 3, the epiglottis also plays a very important 
part, for every time that it lowers itself, and nearly closes the orifice 
of the larynx, the voice gains in brilliancy ; and when, on the other 
hand, it is drawn np, the voice immediately becomes veiled. 



ROYAL INSTITUTION OP GREAT BRITAIN. 

June 1, 1855. — " On the Currents of the Leyden Battery/' By 
Professor Tyndall. F.R.S. 

In our conccj)tious and reasonings regarding the forces of nature, 
we perpetually make use of symbols, which, when they possess a 
high representative value* we dignify with the name of theotiee. 
We observe, for example, heat propagating itself through a bar of 
metal, and help ourselves to a conception of the process by com- 
paring it with water percolating through sand, or travelling hf 
capillary attraction throtigh a lump of sugar. In some such way 
we arrive at what is called the material theory of heat. The thing 
seen is thus applied to the interpretati ni nf the thing unseen, and 
the longing of the human mind to rest upon a satisfactory reason, is 
in some measure satisfied. So also as regards the subject of the 
present evening's discourse ; we are not content with the mere iacto 
of electricity ; we wish to look behind the fact, and, prompted by 
certain analogies, we ascribe electrical phenomena to the action of a 
peculiar fluid. Such conceptions have their advantages and their 
disadvantages : they afford peaceful lodging to the intellect for a 
time, but they also circumscribe it; and by and by, when the mind 
has grown too large for its mansion, it often finds a ditficulty in 
breaking down the walls of what has become its prison instead of 
its home. Thus, at the present day, the man who would cross the 
bounds which at present limit our knowledge of electricity and 
magnetism finds it a work of extreme difficulty to regard facts in 
their simplicity, or to rid them of those hypothetical adornments 
with which common consent has long invested them. 

But though such i« the experience of the earnest student of 
Natural Philosophy at the present — tliough he may be comj>elled to 
refuse his assent to the prevalent theoretic notions, he may never- 
theless advantageously make use of the language of these theories in 
bringing the facts of a science before a public audience ; and in 
spes^g of electricity, the speaker availed himself of the oouvenient 
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liypotbesis of two fluids, without at all professing a belief in their 
existence. A Leyden jar was charged. The interior of the jar 
might be figured as covered with a layer of positive electricity, and 
the exterior by a layer of negative clectricit}* ; which two electri- 
cities, uotwUiistanding their mutual atlracliuii, were prevented 
from rushing together by the glass between tbem. when the 
exterior and interior coating are united by a conducting body, the 
fluids move through the conductor and unite ; thus producing what 
is called an electric current. The mysterious agent which we darkly 
recognise under this symbol is capable of producing wonderful 
effects; but one of its mo'^t miraculous characteristics is its power 
of arousing a transitory curi cut iu a conductor placed near it. The 
pha^iioinena of voltaic induction are well known ; and it is interest- 
ing to inquire whether frictional electricity produces analogous 

pluenomena. This question has been examined by Dr. Henry, and 
sttQ more recently by that able and experienced electrician M. Riess, 
of Berlin. 

A wooden cylinder was taken, round which two copper wires* 

each 75 feet in length, were wound ; both wires being placed upon 
a surface of L^utta-pcrcha, and kept perfectly insulated from each 
other. The ends of one of these wires were connected with a 
universal di«charger, whose knobs were placed within a quarter of 
an inch of each other ; when the current of a Leyden battery was 
tent through the other wire, a secondary current was aroused in 
that connected with the discharger, which announced itself by a 
brilliant spark across the space separating the two knobs. 

The wires here used were covered externally with a sheet of 
guttn-y^erchn ; nnd lest it should be supposed that a portion of the 
electricity ol the battery spi uiia; from one wire to the other, 
two flat discs were taken. Each disc contained 75 feet of copper 
wire, wound ia the form of a flat spiral, the successive convolutions 
of which were about two lines apart. One disc was placed upon 
the other one, the wire being so coiled that the cpnvoluti<»s ofeacb 
disc constituted, so to say, the impress of those of the other, and 
the coiIb were separated from each other by a plate of varnished 
glass. The ends of one spiral were connected with the universal 
di>=chfirger, between who've knobs a thin platinum wire, 10 inches 
loiip:, was stretched. When the current of the Leyden battery was 
sent through the other spiral, the secondary current, evoked in the 
former, passed through the thin wire, and burnt it up with brilliant 
deflagration. A pair of spirals were next placed 6 inches apart, 
and a battery was discharged through one of them; the current 
aroused in ^e other was sufficient to deflagrate a thin platuium wire 
4 inches in length. 

We have every reason to suppose that the secondary current thus 
developed is of the same nature as the primary which produced it; 
and hence we may infer, that if we conduct the secondary away 
and carry it through a second spiral, it, in its turn, will act the 
part of a primary, and evoke a tertiary current in a spiral brought 
near it. This was ittustrated by experiment. First» two spirals 
were plaoed opposite to each other, through one of which the cor- 
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reot of the batteiy was to be sent ; the other was that in whidi the 
secondary cuireDt was to be aroused. The ends of the latter were 
connected hj wires with a third spiral placed at a distance, so that 
when the secondary current was excited it passes through the third 

spirnl. Underneath tlic latter, and separated from it by a sheet of 
varnished glass, was a fourth spiral, who^e two ends were connected 
with the universal discharger, between the knobs of which a quantity 
of gun-cotton was placed. When the battery was discharged 
through the first spiral, a secondary current was aroused in the 
second spiral, which completed its circuit by passing through the 
third spiral : here the secondary acted upon the spiral undenieaA, 
developed a tertiary current which was sufficiently strong to pass 
between the knobs, and to ignite the gun-cotton in its passage. It 
was shown that we might proceed in tliis wnv and cause the tertiary 
to excite a current of the fourth order, the latti r n current of the 
fifth order, and >o on ; these chililitn, crraruichiKli on, and frreat 
grandchildren of the primary being capable of producing all the 
effects of thdr wondenul progenitor. 

Ilie phsenomena of the extra eurreni, which exists for an instant 
contemporaneously with the ordinary current in a common voltaic 
spiral, were next exhibited; and the question whether a spiral tlirough 
which a Leyden battery was discharged exhibited any siuiilar 
plirrnomenR, was puhmitted to examination. It was proved, that the 
electric discharge depended upon the shape of the circuit through 
which it passed : when two portions of such a circuit are brought 
near each other, so that the ])u&itive electricity pa£i>es in the same 
direction through both of them, the effect is that the discharge is 
weaker than if sent through a straight wire; if, on the contrary, the 
current flow through both, portions in opposite directions, the 
discharge is stronger than if it had passed through a straight wire* 
A flat spiral was taken, containing 75 feet of copper wire; one end 
of the ppiral was connected with a knob of the universal discharger, 
and tlie other knob was connected with the earth : between the knobs 
of the discharjTcr about 4 inches of platinum wire were stretched; 
on connecting the other cud of the spiral with the buttery, a discharge 
passed through it of such a strength that it was quite unable tp 
raise the platinum wire to the faintest glow. The same length of 
copper wire was then bent to and fro in a zigzag manner, so that on 
every two adjacent legs of the ziij^zag the current from the battery 
flowed in opposite directions. When these 75 feet of wire were 
interposed between the battery and the platinum wire, a discharge 
precisely equal to that nsed in the fonncr instance, raised the plati- 
num wire to a liigh state of incandescence, and indeed could be 
made to destroy it altogether. 

When a primary and a secondary spural are placed opposite to 
each other, a peculiar reaction of the secondary upon the primary 
IS observed. If the ends of a secondary (50 feet long) be connected 
by a thick wire, the effect upon the primary current is the same as 
when the ends of the sccondar}' remain whrlly nnconncctrd. If 
the ends of the secondary be joined by a long thin platinum wire, 
the reaction of the secondary is such as to enfeeble the primary. 
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Tlilt enfeeblement inereaaes up to a certain limit as the lenataaee is 
increasedt ffom wliich forwards it diminishes until it becomes insen- 
sible. Tliis wonld appear to prove, that to react upon the primary 
the secondary requires to be retarded; and that the greater the 

amount of the retardation, up to a certain limit, tlie g^reatcr is the 
enfceblcmcut. But by increaidiig the resistance we diminish the 
atreiii;th^of the secondary, and when a certain limit is attained, this 
diminution is first compensated for by the intlueiice of retardation, 
from which point forwaids with every increase of the resistance, the 
enfeeUement of the primary is diminished. A primary current 
whidi ftises a certain length of platinum wire where the ends of the 
secondary are disunited, or where they are united by a thick wire* 
fails to do so when they are united with a thin wire. But if, instead 
of a thin wire, a body of much greater rcsi«»tnncc, a cohimn of water 
for example, be introduced, the platiauui wire is fused as before. 



XXVIII. Intelliytitce and MiaceUantous Articles, 

ox TABA8HSX&. BY M. 6UIBOUBT. 

TABASHEER is a siliceous concretion found in tlie interior of the 
stem of the large Indian "QBrnhoo {Bambus a arundinncea, Schreb.). 
The attention of the orientals wa? first directed to this substance by the 
writings of the Arabian })hysicians. The Turks and Arabs only kn ow 
it under the name of Tabasheer, which is of Persian origin, hi I tidia 
it has other names, such as Vedroo^paho (bamboo-milk), Vedroo^car- 
poeram (bamboo<camphor), and MmtgU-upoo (bamboo- salt). The 
orientals regard it as one of the most yaluable medicines, whilst it 
is only interesting to us from its being a concretion of silica depo- 
sited in a vegetable organism, whidi has some resemblance to the 
hydrophane of Hauy. 

Towards the end of the last century, Macie stated that tabasheer 
was nothing but silica. As, however, Vuuquclin found it to contain 
30 per cent, of potabh and lime, Macie's determination was regarded 
with doubt. Brewster has eiamined its optica! and physical properties. 

The autlior has received a quantity of this substance from Professor 
Royle, and submitted it again to amdysis. The analysis gave — 

Silica 96-94 

Water 2*93 

Potash and lime 0*13 

Organic matter traces 

Tabasheer is imperfectly transparent, and sometimes perfectly 
upakc. When immersed in water a quantity of air- bubbles escape 
item it, and it becomes more transparent ; hydrophane behaves in 
the same manner. When completely saturated with water its spec, 
gmv. is as follows 

S*156» Macie; 2*169, Cavendish ; 2*059 to 2*412, Brewster; 

and 2' 148, Ouibourt. 
When tabasheer is weighed after soaking in water, it is found to 
have more than doubled its weight. The statements put forward 
upon this poi^t are as follows 
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Weight. Increased to. Absorption. 
Man'c . . . . 75*70 grms. 1 54*20 grms. 79 oO grms. water. 
Brcwsler. . G G5 .. 14 10 .. 7*45 
GhiibouTt.. 2-526.. 5*224.. 2*695 
If we calculate from these niimben the denaity of the porooa 
tabaaheer, by adding the weight of the absorbed water (by which 
tiie Tolume of the pores h determined) to the loss of weight under- 
gone by the body in water (which gives the volume of the solid 
matter), and then divide the sum by the weight of the dry body, 
so ns to obtain the density of the porous body iu the natural state, 
we ?r t 0-727. 0-6227, 0*6520. 

But the tabusheers urc iicu\ iui than water ; they sink in it imme- 
diately, and have conaequently a greater specific gravity than that 
thus calculated. The author shows that Brewster observed this con- 
tradiction, but without troubling himself about the cause, determined 
the space occupied by the silica and the pores from this incoirect 
specific gravity, so that the space occupied by the pores in propor- 
tion to tliat filled by the silica was, according to him, as 2-307 : 1 ; 
whilst, from the author's experiincntn upon the natural density of 
tiihasliccr, it appears that this prf^jiortion is 0*0689 : I, which agrees 
witii tiic beiiav lour of the body in water. 

Tabasheer which has been completely permeated by water and 
become transparent, becomes perfectly opake in the air. Una be- 
haviour, whi^ Brewster believed to occur only with this body, in- 
duced him to set up a peculiar theory upon the small refractive 
power of this substance, which he found to he less than that of any 
other known body. But without taking; into consideration tliat the 
numbLi 976*10, which Brewster adopted for the refractive power of 
tabti^ht ir, is lou small, as the author calculates it id 1 500-5, we imist 
also take into account llic opacity wliicli it) peculiar tu the molecular 
State of this substance. 

Tabasheer is evidently a mass produced Irom a jelly by desieca- 
tion. To obtain an insight into its production, the author has invte« 
tigated the inorganic constituents of the bamboo. The small quan- 
tity of pith which is seen when a bamboo is split longitudinally, coo- 
tains iron» potash, lime and silica. The ashes of the wood consist of-^ 
Soluble salts. Insoluble salts. 
Carbonate of putash. . 1-9872 Phospliate of lime. . 0 0928 
Sulphate of potash . . 0 2D05 Phosphate of iron. . 0 0130 
Phosphate of potash.. 0*1593 Silica 00408 



Chloride of potasaium. 0*0766 
Silica 0*0204 



0-0871 
0-1887 



2*5340 

The author found that the silica oconmed in different quanlitlfla 

in different parts of the cane. The pith contained 0*448 par cent. 

The innor wood held much less, and the [rrrntest proportion occurred 
in the external wood. Consequently, tiie author thinks the forma- 
tion of tabasheer is easily explained in the following manner : at the 
tiuic when the straw is developed, the outer wood has no longer ariy 
necessity for silica, which is carried inwards and deposited in the 
cavity of the itmw«— /^ram, 4e Pharm, toL sxvii* pp, §1 mi 
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NOTB ON THl UfWLAUUABlLm OF HTOBOOIN. 

BT M. BA.UDBIMONT. 

It is said by BeneliuB and others, that hydrogen prepared in the 
dfy way does not pOMess the property of inflaming by contact with 
spongy platinum; this phsenomenon, first indicated by Faraday, 
havinf^ been attributed by Berzelius to an allotropic condition of the 
liydrofi;tn, ^sc have thought it worth while to repeat tlie t \]it iiment, 
FoT this purpose vapour of water was decomposed by red-liot iron, 
and the hydrogen thus produced (which is tliat said to be pit pared 
in the dry way) was directed upon spongy platinum, which, as we had 
Moertained, possessed the power of igmtiiic^ the ordinary gas. Wo 
tfion found Aat it also inflamed the gas obtained from the vapour of 
water. On coUeeting some of this same gas in a bottle with a ground 
l^naa stopper, and afterwards driving it out by means of a current of 
water, so as to cUrect it upon a small mass of spongy platinum, the 
hydrogen was again ignited. If, therefore, this gas may acquire 
vanoiip allotropic conditions, these cannot be proved by the fact ad- 
vanced by Fur uhty, and which we have not been able to realise,—* 
ComptiS R^dust August 5, 1855^ p. 177. 

M£T£OHULUGiCAL OiiSEKVATIONS FOR J LTLY 1855* 
Ctimla*. July 1. Toy fsom, f . Heavy ckMMb t slitht ndo. 8, 4. Very fine. 
Su Qear : hot and dry. 6. Foggy : very line. 7, 8. Very Ana. 9. Hazy : very 
fine : thunder, lightning and rain at night. 10. Rne : cloudy : very fine. 11. Con- 
ttant and very heavy rain firom early in the morning till night. 12, 13. Veiy fine. 
14, Ckmdy: very fine. 15. Ctoiuiy and fines nin. 16. Cloudy: heav^ rain tt night. 
17. Fine: cloudy. 18. Very tine. 19. Rain. 20. Very fine. 21. Exceedingly 
fine. 22 Very fine, 2?>. Slic^'ht fotr : MiUrv : rain. 24. Rain : cloudy. 25. Rain. 
26. Deu»dy overca&t : con&taut and very iieavy rain. 27. Overcast : heavy clouda 
Widihowert, 28. Ckmdar: heavy ihoweit* 29. Very fine. 80. Slight baza: very 
fine: evereuk : lain at mght. 81. Heavy ittu: ihoweiys deer and tine atniglti 

M*»fin t^'mperatiirp of thf» month G2''-99 

Mean temperature ot July 1854 61 *59 

Mean temperamre of July for the lait tvrenty<4iine yean 63 

Average amount of rain in July 2*428 inchea. 

^otfon.— July 1—4. Fine. 5— 7. Cloudy. 8. Fine. 9. Cloudy. 10,11. 
Cloudy : rain a.11. 12. Fine. 13. Cloudy. 14. Rain and hail a.m. 15. fine. 
16, 17. Cloudy i nin am. and F.ir. 18. doiidy. 19, 20. Cloody s rein, with 
thunder A.M. and P.M. 21 — 23. Clou. h . 24, 25. Rain a.m. and p.m. 26. Ffaies 
rain P.M. 27. dondy : laia P.M. 28. finet nuDF.M, 29,30. fine. 31. Bahi 
AM. and P.M. 

Smimitk Mmm, OrAiMy.— Jnly 1. Dettip a.ii. « aboiwen p.m. 2. Showen a.ii. : 

drops P.M. 3. Rain A.M. : damp p.m. 4. V>r\p:ht a.m.: cloudy p.m. 5. Cloudy 
A.M. : fog P.M. 6. Bright, fine a.m. ■ clear, tine p nt. 7. Bric:b!, fine a.m. and 
P.M. 8. Bright* fine a.m. : dear, tine p.m. 9. Clear, tine a.m. : vapour, fine p.m. 
10. Heny a.m. : deu*, fine p.m. 11. line A.if. tad pjf. 12. Bright, fino A.11. : 
fine, f«g P.M. 13. Fog a m : fine, fog p.m. 14. Fog a.m.: thunder showers, fog 
p.m. 15. Fog a.m.: showers p.m. 16. Rain a.m.: showers p.m. 17. Damp a.m. : 
doudy P.M. 18. Cloudy a.m. and p.m. 19. Bright a.m. ; hazy, fine p.m. 20. 
Bi%lit A.if. : eletr, fine p.m. 21. Clear a.m. : drope pjm. 22. Ctondy a.m. and 
WM, 23. Cloudy a.m. : showers p.m. 24. Bright a.m.: fine, fog p.m. 25. Cloudy 
A.M.: fine, fog P.M. 20. Rain a.m. : fog p.m. 27. Rain, fog a.m. : showers, 
thunder and lightning, clear p.m. 28. Bright a.m.: fine, dropa p.m. 29. RiUn 
AJt.t damp V.M. 80. Cloudy a.m. : fine, vap<NirF.M. 31. CkHidy a.m. : fine m« 
Mean temperature of July for twtnty-eighi pravioae yean . 55°*08 



Avonige qtiintily of nin h Jnly fior fifteen pverioai yim,,* 8*41 Mmi, 



Mean temperature of this montli 



59 19 
55-25 
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XXIX. On a new and adoantageow Method of preparing Ah^ 
mmiiMi* By H. Boss, Profeuar of ChemiJry in the ITntwr- 
sity of Berlin^, 

SINCE the discovery of aluminium by Woliler, Dcville has re- 
cently taught us the means of procuring this metal in large 
solid masses, in which condition it exhibits properties with which 
we were previously unacquainted in its more pulverulent form as 
procured by Wohler's method. While, for instance, in the latter 
state it burns vividly to white earthy idumina on being ignited, 
tlie fused globules may be heated to redness without being per- 
ceptibly oxidized. These differences may be ascribed to the 
greater amount of division on the one hand and of density on 
the other. According to Deville, however, Wohler's metal con- 
tains platina, by which he explains its difficulty of fusion 
(although it affords white alumina by combustion). 

Upon the publication of Deville s researches, I also tried to 
procure aluminium by the decomposition of the chloride of alu- 
minium and sodium by means of sodium. I did not follow 
exaetly the method of Deville, but placed the salt in alternate 
kyen Mrith sodium and applied heat. I did not, however, obtain 
satisfactory results. 

Moreover, Professor Rammelsberg, who followed exactly the 
method of Deville, obtained but a very small product, and found it 
very difficult to prevent the cracking of the glass tube in which 
the expeiiment was conducted by the action of the vapour of 
flodinm on the chloride of aluminium* It appeared to me that 
a great amount of time, trouble and expense, as well as long 
practioei was necessary to obtain even small quantities of this 
lemaikable metal. 

* i^'rom Pog^;^aii(lorff's Annaleii for September, p. 162. Commumcated 

byT. H. llrnn . Ksq., F.R.S. 

PMl. Mag\ 4. Vol. 10. No. 66. Oct. 1855, B 
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The employment of chloride of aluminium and its compounds 
with the chlorides of alkulmc uietals is particularly inconvenient, 
owing to their volatility, to their deliquescence, and to the neces* 
sity of preventiDg all access of air during their treatment willl 
Bodium. 

It very soon occurred to me that it would be better touse tlie 
fluoride of aluminium instead of the chloride^ or rather the com- 
binations of the fluoride with the alkaline fluorides, such as we 
know them through the investigations of Bcrzelius, who pointed 
ant the strong affinity of fluoride of aluminium for the fluoiidet 
of sodiam and potassium, and that the mineral occnrrine m 
nature under the name of kryolite, was a pure compound of fluo- 
ride of aluminium with fluoride of sodium. 

Thb compound is equally fitted for the preparation of alu- 
minium by means of sodium with ti^e chlorioe of aluminium, or 
its combination wit)i ddoride of sodium. Moieo?er, as kryolite . 
is not volatile, is readily reduced to the most minute state of 
division, is free from water and does not attract mmstufe from 
the atmosphere, it offers peculiar advantages over the above- 
named compounds'^. 

In fict, I succeeded with much less trouble in preparing alu* 
minium by exposing it together with soditun to a strong red heal 
in an iron crucible^ than by using the chloride of uliiminiiim and 
its compounds. The scarcity of the minmlj however, prevented 
my pursuing the experiments. 

In oonsequencei however, d receivii^ verv recently from Prof. 
Krauts of Bonn a considerable quantity of the purest kryolite at 
a very moderate price (2 dollars the kilogrammeK I was en* 
abled to renew the investigation. I was partieularly stimulated 
by finding most unexpectedly that kryolite was to be obtained 
here in Berlin commemally at an inconceivablir low nrtce* 

Praf« Krantx bad already informed me that lie bad heard tint 
kryolite occurred in commerce in bulki but could not leam wheie* 
Shortly after, M. Rudel, the manager of the chemical wiNrks of 
H. Kunbeim, gave me a sample of a white coarse powder, large 

2[uantities of which were brought from Greenland by way of 
Copenhagen to Stettin under the name of fntMr«/iodla^ and il ikb 
price of iAreo doUtan the centner (about per cw t.) • Samples of 
40 lbs. had been sent to the soap*4x»ilers, and a soda ley had been 
extracted from it by means of quickUm^ eqieciaUy adapted lo 
the preparation of many kinds of loap, probably from its eon- 
taming alumina. 

I found this powder to be kryolite, of equal purity to thai 
received from M. Krauts. It dissolved without residue in by^ 

* Dr. Percy also sugijessteil kn olite as a source of nhinunium, ami some 
•pccimcas prepared from tliis mineral were exhilnted by Dr. Faraday at one 
of the l^dsyevemiigmeetiiigtofthcRoyallnMtitatw 
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drocliloric acid (in platina vessels) ; the solution evaporated to 
dryness with sul}.)liuric acid and hcaicti antil the excess of acid 
was dissipated, gave a residue which dissolved completely in 
water with the aid of a little hydrochloric acid. From the solu- 
tion aminoDia piecipitailed a considerable quantity of almnina. 
The Bdation Wmi inm the precipitate liiiiiiiheaj on erapora* 
tioii, a reaidoe of aolphate of loda nee from potaah. Moreover, 
the powder gave the weU-known veactiona of fluoriDe in a marked 
dannee. 

This powder ia kryolite of great purity ; thereforOi the eoarae 
powder 1 first obtained was not the form in which it ia originally 
lutroduoed. It ia now to be obtained in Berlin in great masses ) 
for the preparation of alnminiiuni however, it must he xedueed 
to a very &ie powder. ' 

In my experiments on the preparation of this metal, which 
. were performed in company with M. Weber and with his most 
fealoos assistance, I made nae of email iron crucibles of 1| inch 
in height, and If inch upper diameter, which I had cast here. 
In these I placed the finely-powdered kryolite between thin layers 
of sodium, pressed it down tight, covered it with a good layer 
of chloridr of potassium, «nd ^osed the cmdble with a well* 
littini; |)orcclain cover. 

I to u ad chloride of potassium tlic most ad\ antatrcous Hux to 
employ ; it has the lii:litt st s]){ citic jzravitv f)f uiiy which could 
be used, an important pomt when the slii^ht density of ahimi- 
nium is taken into consideration ; it also increases the fusibility 
of the fluoride of sodium. I usually em ployed equiil wcigbta of 
kryolite and clil<jride of potassium, and lor live parts of kryolite 
I employed two {)arts of sodium; the most fitting quantity for 
tlic cru( iblt; was found to be 10 grms. of powdered kryolite. 
The vvholu was riiised to a sti ona; red heat, by means of a blow- 
pipe supplied with a mixture of atmospheric air and coul-gas, 
through tubci^, ou the principle of DanieFs tube for the oxy- 
hydrogen blowpipe. 

II waa firand moat advantageous to maintain the heat for 
aboat half an hoor and not longer, the oronbie bemff Jcept eioaely 
eoftted the whole time ; the contenta are then found to be well 
ftued* When qnite cold, the melted maaa ia removed firom the 
cmcibbby means of a spatula; thia ia facilitated by atrildag the 
oittaide vnth a hammer. The crodble may be employed aeveral 
times; at hat it ia broken by the Uowa from the hammer. 

The melted mass is treated with water, when at times only, a 
Tary minute ewdation of hydrogen gas is observed, which has 
ihe aame mnpleaiant odour as the gas evolved during the solution 
of cast iron m muriatic acid. The carbon contained in thia gas 
ia derived £rom the very alight trace of naphtha adhering to the 

R2 
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Bodium after di ) ing it. On acoount of the difficult loliibiUty of 
the flaoride of hocuqid, the mass is very slowly acted upon by 
the water, although the insolubility is somewhat dimiuished \yf 
the presence of the diloride of potassium* Afler twelve hours 
the mass has become so far softened that it may be nmoved 
from the liquid and broken down in a porcelain mortar. Large 
globules of aluminium are then discovered, weighing from 0*3 to 
0*4 grm. (5 to 6 grains), which may be separated; klteriy I 
have found them of 0*5 grm. (7*7 grs.). 

The smaller globules cannot well be separated from the und^ 
composed kryolite and the alumina alwayanrodueedby washings 
owing to their being specifically lighter than the latter. The 
whole is treated with diluted nitric acid in the cold ; the alumina 
is not dissolved thereby, but the little globules then first assume 
their tnie Tnetallic lustre. They arc dried and rubbed on fine 
silk muslin, tlie tint'ly-powdered uudecomposed kryolite and 
alumina pass tlirou^';li, while the irlobiiles remain on the t^auze. 

The melted ina^j^ should be tr( atcd with water in a platniuni 
or silver ves«L'I ; a porcehin cajjsuic would l>c powerfully artcd 
upon by the lluonde oi hodiuni. The solution, after standing 
till clear, may be evaporated to dj'yness in a platinum capsule in 
order to obtain the tiuondc of sodium^ mixed^ however, with 
much chloride of potassium. 

The small globules ot ahimmium may be united by fusion in 
a small, well-eovered porcelain crucibk iiiidLi- ;i layer of chloride 
of potassium. They cauuut be uiiit».d without a flux. They 
cannot be united by mere fusion, like globules of silver for in- 
stance, ior though they do not appear to oxidize on ignition in 
the air, they become coated with a scarcely perceptible fi]|ii 
of oxide wluch prevents their mnning together into a mase« 
This fosion with diloride of potsssium is uways attended with 
a loss of aluminium. A button weighing 3*85 grms. lost, when 
so treated, 0*05 grm. The chloride of potassium when dissolved 
in water, left a small quantity of alumina undissolved, but tho 
solution contained none. Another portion of the aluminium had 
undoubtedly decomposed chloride of potassium, and a portion of 
^doride of alnminium and chloride of potassium must have been 
volatilized during the fusion. Other metals, as copper and silver 
behave in a similar manner. 

I therefore followed the instructions of Deville, and melted 
the globules under a stratum of cdiloride of aluminium and 
sodium in a covered porcelain crucible. The salt was first 
melted, and then the globules of metal added to the melted 
mass. There is no loss, or a very trifling one of a few milli- 
gcams of metal, by this process. 

* FoggendorfiT* AfmtUmf fol. kviii. p. 287. 
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When the aluminium is fused under chloride of potassium, its 
surface is not pci-fectlv smooth, but exhibits minute concavities; 
with chloride of akininiium and sodium, this is not the ease. 

The readiest method of prcparinc: the cliloiide of alummium 
and sodium for this purpose, is by placing the mixture of aiumiua 
mid carbon in a glass tube as wide as possible, and in this a 
tube of less diameter, open at both ends, and containing chloride of 
sodium ; if the spot where the mixture is placed be very strongly 
heated, and that where the chloride of sodium is situated more 
moderately, while a current of ehloriuc is passed through the 
tttbe^ the vapour of the chlovitk of altimiDiam is so eagerly 
absorbed by the chloride of sodium, that no chloride of alu- 
minium^ or at most a trace, is deposited in any other part of the 
tube. 

If the smaller tube be weighed before the operation^ the amount 
absorbed is readily determined. It is not nniformly combined 
with the chloride of sodiumj for that part which is nearest to 
the mixture of the charcoal and alnmina will be fonnd to have 
absorbed the most. 

I have varied in many ways the process for the preparation 
of aluminium, but in the end have returned to the one described. 
1 often placed the sodium at the bottom of the crucible, the 
powdered k^olite above it, and then the chloride of potassium 
above all. On pi*oeceding in this manner, it was observed that 
m\\r\\ sodium was volatilized, buniing with a strong yellow flame, 
which uevrr occurred when the sodium wa^ cut into thin slices 
and plac( d m alternate layers with the kryolitc, in which case 
the process goe^^ on very quietly. Win n the crucible begins to 
get red-hot, the temperature suddenly rises, owing to the com- • 
meneement of the decomposition of the compound ; no lowering 
of tiu: temperature should be allowed, but the lieat sh<»uid be 
steadily maintained, not longer, how«ver, than half an hour. By 
prolonging the process a loss would be sustained, owing to the 
action of the chloride of potassium on the ahiumiiuin. Nor 
does the size of the globules increase on extending the time even 
to two hours ; this effect can only b^ produced by obtaining the 
highest possible temperature. If the process be stopped, how- 
ever, after five or ten minntes of a very strong heat, the produce 
is very small^ as the metal has not had snfficient time to con- 
glomerate into globulesy hat is in a pulverolent form and burns 
to alnmina daring the cooling of the crocible. No advantage 
is gained b^ mixing the kryoUte with a portion of the chloride 
befoie pUuimg it between the layers of sodium. Neitho* did ** 
I increase the product by using the chloride of sod i am and 
alominiam to cover the mixtare instead of the chloride of 
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I repeatedly employed chloride of aodinm (oommon nit de- 
crepitated) aaa flux in the abienoeof chloride c^potaarium with* 
out lemarking any iiu]portaiit diffevenee in the amount of metal 
produced, althooga a mriicr temperatiue ia lequixed in that caae. 

The operation may alao be conducted in nnglaaed crocibleaof 
diffioolUy fuiible atone»waie of the above dimenrionsi although 
thev do not reaiat the action of fluoride of aodium at very 
high temperaturea so well, but fuse in one or more places. The 
iron cruoblea fuse, however, when exposed to a veiy high tem>- 
perature in a charcoal fire. 

The produce in metal was found to vary much, even when 
operating exactly in the manner recommended, and with the 
aame quantitiea of the materials. I never suoeeeded in reducing 
the whole amount of mi tal contained in the kryolite ; it eoa* 
tains only 13 per cent, of aluminium ; by operating on lOgrms. 
of the !iiin(>ral, the quantity I always employed in the small 
iron crucibles, the most snrer;='^ful rcs^ult wasO'Sgrm. But 0*6 
grm., or even 0* 1 grui. may be considered favourable. Many 
times I obtamed only 0-3 crrm., or ^^ven less. 

These very differtnit resuitn dcj)t;ud on various causes, more 
particularly, however, upon the degree of heat obtained. The 
greater tlic heat, thr irrc itter the amount of larger globules, and 
the less amount of minutely divided aluiiiiiuum to oxidise during 
the cooling of the crucible. I succeeded once or twice in rc- 
duciiif^' iH'iirly the whole of the metal obtained to one sinecle 
buttoii, weighing 0'5 grm. at a v ery liigh tempeialuie m a sstuue- 
ware crucible. 

I could not always attain the aame heat with the blowpipe, 
aa it depended in aome degree upon the preaaure in the gaso- 
meter at the gaa-worka, which variea at diflSereot penoda of the 
day. The fouowing experiment will ahow how great the loaa of 
aluminium may be owing to the ondation of the metal during 
the alow cooling of the crucible and oontenta. 

In a large iron crucible were placed 35 grma. ef kryolite in 
alternate layers witb 14 grms. of sodium, and the lAde covered 
with a thick atratum of i^donde of potassium. The crucible 
doaedwith a porcelain cover, was placed in a larger earths one 
alao covered, and the whole ezpoaed to a good heat in a draft 
furnace for one hour, and oooied aa alowly as possible. The 
produce in this case was remarkably small, for 0'135 grm. of 
aluminium was all that could be obtained in globules. 

The difference in the amount reduced depends also in some 
degree nn the more or less successful stratification of the sodium 
with the ])o\v(]i led kryolite, as Tn\ich of the latter sometimes 
escapes decomposition. The greater the amount of sodium 
employed, the less hkely is this to be the case; iiowever. 
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owing to the great difference in tlic ])i"icc, I never cm])lovcd 
more than 4 grins, of sodium to lU gims. of kryoiiLc. la 
order to avoid this loss by oxidation during couliug^ I tried 
another method of preparation. 

20 grms. of kryolite were heated intensely in a gun-barrel in 
a current of hydrogen, and then the vapour of 8 grms. of sodium 
passed over it. Thia was effected simply by placing the sodium 
in a little iron tray in a part of the gun-barrel, without the fire, 
and pushed forward when the kryohte had attained the maximum 
temperature. The operation went on very well, the whole being 
allowed to cool in the current of hydrogen. After the treatment 
wiUi water, in which the fluoride of sodium dissolved very slowly, 
X obtained a black powder, consisting for the most part of iron ; 
its soliition in hydrochloric acid gave small evidence of alumina. 

The nnall amounts I obtained, however, should not deter 
otben km pursuing these experiments, lliese are the results 
of first experiments^ on which I have not been able to expend 
much tinie. Now that kryolite can be procured at so rtrj 
moderate a pricey and sodium, by the improvement in the pre* 
paration of whieh Deville has performed a most important ser** 
Tioe^ will in fbtnre beeome so mnch cheaper, it is in tiie power 
of every ehemist to employ himself in the preparation of alu- 
minium^ and I have no doubt in a short time methodi will be 
fimnd affording a much mm profitable result 

For the rest^ I am of opinion that kryolite is the best adapted of 
allthecompoimdaof aluminium for the preparation of thia metal. 
It deserves the preference over ddoride of alununium and chlo* 
ride of aluminium wad sodiumi and it might still be employed with 
great advantage even if its price were to rise considmbly. 

The attempts at preparing aluminium direct from alumina 
have as yet been unattended with success. Potassium and 
aodium appear only to reduce metaUic ojddes when the potash 
and soda produced are ca|>able of forming a compound with a 
portion of the oxide remaining as such. Pure potash and soda, 
with whose properties we are very slightly acquainted, do not 
i^pear to be farmed in this case. Since, however, alumina com- 
bmea ao readilv with the alkalies to form aluminates, one would 
be inclined to bdieve that the reduction of alumina by the alka- 
line metals should sueceed. 

But even were it possible to obtain the metal direct from alu- 
mms, it is ver^^ probable that kryolite would long be preferred 
should it remain at a moderate price; for it is furnished by 
natnre in a rare state of purity, and the aluminium is combined 
in thia substance with aodium and fluorine onlv, which exercise 
no prejudicial influence on the preparation of the metal, whereas 
alumina is rarely found in nature in the pure atate, and in 
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a denie and compact condition; and to prepare alumina on 
a large scale, freeing it from those substances which would act 
injuriously on the preparation of the metal^ would be attended 

with great difficulties. 

The buttons of aluminium which I have prepared are so mal- 
leable that they may be beaten and rolled out into the iiiirst 
foil without crackini!: on the edges; thpy have a stroni: inetalHc 
lustre. Some small ])ieccs, not globular, however, whieh were 
found at the bottom ot tho crucible and occasionally adhering to it, 
cracked on being hammered, and were different in colour and 
lustre. They were evidently not no pure as the greater uumber 
of the globules and contanied ii on. 

On sawing through a larger button of aluminium weighing 
3*8 grms., it could readily be observed that the metal for about 
half a line from the cxterioi wao brittle, wlulc in the interior it 
was 8oft and niulleable ; sometimes the mteiior of the globules 
contained concavities. 

With Deville I have occasionally obtained the aluminium 
cryatalline* A lafge button became striated and aystalline on 
the under aide on cooling. Deville believes he has observed 
regular octahedraj but does not state this positively. Acoord- 
ing to my brother's examination^ these crystalline indications do 
not belong to the regular form. 

As I chanced on one occasion to attempt the fusion of a large 
button of rather impure aluminium after flattening it out, with- 
out a flux^ I observed before the heat was sufficient to fuse the 
mass small globules sweating out of the turfoee. The impure 
aluminium being more infusible than the pure metal, the latter 
expands on fusing, and comes to the surface. A similar plus- 
nomcnon has been remarked by Schneider with impure biamuth. 

I have mentioned above that ki7olite is used under the name 
of mineral soda here in Berlin, for the preparation of soda-ley, 
which, on account of the alumina it contain.^, i'^ admirably ada])tcd 
to the manuhtcture of soap. In fact, powdered kryolite is com- 
pletely il( composed when boiled with quicklime and water. 
The fluoride of calcium foinned contains no alumina, which is 
all dissolved in the caustic soda solution, and this, on its aide^ is 
free from fluorine or contams ouly a very minute trace. 



XXX. On Alloys, Btf F. Cbacs Calvert, F.C.8., M,KA. qf 
TVrtn, ^c. ; and BicHARD Johnson, MJPk,8. Manchetter**, 

THERE are few subjects in chemistry wliich Lave btcu less 
examined than alloys, and yet when we reflect on the im- 
portant services which they render to manufactures and the arts, 

* Communicated by the Authors. 
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we mutt come to the eonclmnon tbat all information wbieh may 
throw light on their composition and properties must enhance 
their value and applications. 

Alloys have heen made^ up to the present time, according to 
hahit ; and the proportions used to compose them have been the 
lesuits of arbitrary judgements^ instead of fixed and determined 
diemical proportions. It seemed to us probable, that as all the 
compounds of chemistry result Irom the combination of their 
elements in definite proportions, the same must occur with 
metals operated upon under circumstances which would allow 
them to combine freely. If, in ordinary circumstances, definite 
compounds are not formed, it is owing to tbc presence of an ex- 
cess of one or more of the metals which enter into the composition 
of the alloys, and to the real definite compound being solidified in 
the mass of the metal in excess; just in the same way as when 
bismuth or siilplmr are melted in a crucible and allowed to cool, 
as we all know, tlie well-detincd crystals of bismuth or suloliur 
are immersed m the excess of bismuth or sulphur which has not 
been able to crystallize. 

We were therefore inclined to believe, that by producing 
alloys liavino^ a definite composition, we should point the way to 
much eh( aptr and better alloys than hitherto; for there can be 
no doubt diat the irregularity of the quality of the alloys of 
commerce is owin^;, not only to an excess of one of the metals, 
but also to a portion of this excess combining with a definite 
alloy and modif}'ing the composition ; thus^ if it is a very fusible 
metal which is iu excess, it will remain liquid and combine with 
the last portion of the real alloys, and form one which will have 
a diffeient composition from that which was formed at first on 
the Outside of the mass; whilst, on the contrary, if it is a leas 
fusible metal which is used in excess, it will sohdify before the 

Sredominant alloy of the mass of the casting and prevent its 
omogeneity. It is to avoid this serious evil that bronie can* 
nona are cooled at the present day shortly after being cast, so 
as to keep the mass as uniform as possible ; and the result has 
been, that instead of having, as formerly, one-thbrd of thebrouM 
pieces of ordnance defective, now only about one-tenth are so. 

Before entering into the details of our researches, it is our 
duty to state, that during ouresperimentsi, Messrs. Levol, Rieflfely 
and Joule have published papers on some alloya and amalgpima 
having definite proportions; 

The alloys of gold and silver, of gold and copper, and of silver 
and lead, aualysed by M. Levol, are ver\' interesting, and many 
of them, we hnvr no doubt^ are definite compounds, as tlieir 
respective equivalent proportions arc low ; but as to those ana- 
lysed by M, mefiel, we have doubts as to their definite compo* 
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aldon, as womt 6t them We the following constitiitioii :-*r 

1 equivalent of copper, 
48 equivalents of tin, 

or 

98 equivalents of copper, 
1 equivalent of tin. 

Our objeet was not to eiamine a few isolated esses, or only 
the alloys existing in oommerce^ bat to prodnce a great wie^ 
of new alloys, in definite proportions, and to eiamitte their phy- 
sieal and chemieal properties, &e« 

The first elass of alloys whiefa we shall describe b not onhr 
quite new but highly interesting, as being the first alloys whiea 
have been prepaitd with iron in definite proportions. It is ccr* 
tainly remarkable, oonsidering the low priee of iron, that no 
dforts inuve been made to alloy this Qsefol and eheap metil with 
those of a more expensive nature, such as alloys of iron and tin, 
or iron and eopper^ &c., which, if effected, would have given to 
commerce cheaper alloys than those now in use. 

Our primary object in preparing the following alloys of iron, 
was to render this metal less oxidizable by alloying it with a more 
ehsctro^positive metal than itself. We were convinced that if we 
effected this, it would be the most practical method of obtaining 
the long-looked for object of diminishing the injury which that 
valuable metal sustaina by eqKMure to the atmosphere ; hot we 
were deceived iu our anticipations, for the affinity of iron ibr 
oxygen is sueh that it is not diminished, exoept in one oass^ 
when combined with potassium or aluminium. 

AUoys of Iron and Potassium, 

The first trisl we made consisted in heating to a very high 
temperature some bitartrate of potash and iron, mixed with ex- 
cess of bitsrtrate of potash ; the result was only a melted mass 
of carbonate of potash, with a button of cast iron, no doubt 
owing to the fact that the iron, being in a state of minute divi* 
non, united first with carbon, and then was unable to unite with 
potaBsium. 

We then made a mixture of fine iron filings and bitartrate of 
potash in the following proportions 

12 equivs. of iron . . . 336 grs. or 3 cquivs. of iron, 
8 cquivs. bitartrute of potash, 1 5(M ... II • potass i uni; 

with a view to produce an alloy having the compositUm of ths 
sasqnioxide, and submitted the mixture to a high temperature 
in a crucible, and obtained a large button^ whioh was found on 
analysis to be oon^osed aa liaUowi:'^ 
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Iron 74*00 

Potunnm , . . ^6-40 

wliich leads to the following foimiila 

4 eqwalentB of ixon ... 112 « 74*17 
1 equivalent of potasnom . , 89 s 25-88 

"m = 10000 

TIuTcfore, instead of obtaining an nl1f>y linvin^: tbr d( finite 
projiortions we had employed, we obtained one loiitaininti; imich 
more iron. This alloy had ail the appearance of malleablr ii on, 
and could be forged and welded; but what was very extraordinary, 
and which much ^iu^prised us, was its extreme hardno<5<, so mnch 
80 that at natural temperatures it was hardly dented wiien ham- 
mered with a heavy filedere hammer, and was barely affected by the 
file) and what was not less interesting, was, tliat although this 
alloy contained up wards uf 25 per cent, of potassium, or one of the 
most powerful electro-positive substances, still the iron of the 
alloy oxidized rapidly in the atmosphere and under water. It is 
oertamly to be much regretted that such is the result ; for if, by 
alloying with a metal more electro-positive than itself, we had 
aneoeeded in obtaining an allov of iion not oiidisable, weahonld 
have dimvered a moat valuable faet for mannfactorea, and one 
arhich has oocapied so deeply the thoughts of all those connected 
with sneb improvements* 

We made another espenment with the same proportions d 
bitartrate of potash and iron, onlv we added some charcoal 
finely pnlveiiiedj and obtained the following result \— 

Iron 81'4d 

Potassinm . . . 18-58 

which leads to the formnla 

6 equivalents of iron • . . 168 or 81*16 
1 equivalent of potassinm . « 89 18*84 

207 ... lOO OO 

We are led to think that this alloy oontained an excess of iron, 
for there was on its surface a thin laver of cbst iron ; and although 
we filed it off as carefully as posstok, still no doubt some of it 
had introduced itself into the mass. As this alloy presented all 
the properties of the former, we shall not enter into details re- 
specting it. With the view of obtninini::^ this alloy, if possible, 
by a cheaper prorrss, we submitted tor several hours to anmtense 
. heat a mixtore of ioe mm iiimgii with a quantity of csrhonats 
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of potasbj contttiimg as muoh potusimn as exista in the bitar^ 
trace used in the previoiu expenmentsi oc>— * 

336 of iron, 

552 uf pure carbonate of potash, 
but no results were obtained. 

AUoys of Iron and Aluminium* 

We were indueed to make a great many experiments to pro- 
duce these new alloys, in consequence of the remarkable properties 
which aluminium possesses, as discovered by M. St. Clair Deville; 
and what increased our desire was, that we hoped they woold 
not onlj present useful properties, but might be the means 
of obtaming aluminium cheaper than by the process already 
discovered; 

We shall not describe all the fruitless essays we made, but 
shall confine our observations only to those which gave ns satis* 

factors' rpsnlts. 

The first alloy of aluminimu aiul Iron was obtained by heating 
to a white heat, for two hours^ the following mixture : — 

8 equivalents of chloride of aluminium • 1076 
40 equivalents of fine iron filings « • • 1120 0 
8 equivalents of lime • « 224*0 

The lime was added to the mixture with the view of lemovittg 
the chlorine from the chloride of aluminium, so as to liberate 
the metal aluminium ; by forming a fusible chloride of calcium, 
and subtractmg the time from the above proportions, we ought 
to have obtained an alloy having the composition of— 

1 equivalent of alunuoium . • 14 = 9*09 
5 equivalents of iron .... 140 = 90'91 

Isi 8 100*00 

whilst the alloy which we found at the bottom of the erudble 
waa composed of 100 parts as fbUows :— 

Aluminium .... 1200 
Iron 88*00 

10000 

which leads to the following formula 

1 equivalent of aluminium • 11-11 
4 equivalenta of iron • . • 88-89 

100-00 

Tliis alloy, as it will be remarked, has the same composition 
as one of those of potassium and iron, and, like it^ it was ei^- . 
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tremely hard, and rusted when exposed to a damp atmosphere | 
still it could be forged and welded. 

We obtained a similar alloy on adding to the above mixture 
some very tinely-pulverized charcoal, and submitting the whole 
to a hic?h temperature in a forge furnace for two hoars* This 
aiioy gave on axialysis the foUowiug composition 

Almniiiittm . . . 87-91 
boa 12*09 

lOOOO 

But iu the mass of chloride of calcium and charcoal remaining 
in tbe crucible, there were a great number of globules varving 
in size from that of a large pea to that of a })in-head. These 
globules were as white as silver, extremely hard ; anctwhat ren- 
dered this alloy particularly interesting, was the property which 
it possessed of not rusting wiien exposed to a moist atmosphere, 
or even to hyponitric fumes ; its analysis gave these results on 
100 parts:— 

Aluminium • « • 24' 55 
Iron 75*45 



100 00 

whieh oorrespond to 

2 equivalents of aluminium . • 28 = 25*00 

3 equivalents of iron • . « . 84 » 75*00 

112 = 100-00 

Therefore this alloy has the same oompontion as aluminay the 
iron taking the place of the oxygen whieh exists in the latter. 

We treated toese globnles with weak snlphixric acid, whieh 
removed the iron and left the globnles of aluminium; these had 
exactly the same form as before removing the iron, and the alu* 
miniam thus obtained had all the properties which have been 
•seribed to that curious metal. 

We have made trials with the foUowing miitnre^but al^ough 
ihey have yielded results, still they are not sufficienUy satis&etory 
for us to describe in this paper^ winch is the first of a series we 
intend publishing on alloys :— 

Kaolin or silicate of aiumma * • 1750 parts. 

Chloride of sodium 1200 

Iron 875 

This mixture has yielded a metallic mass and globules. 

r 
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AUoys of Alumimum and Copjjer. 

To obtain these hIIov^, wc bad rcconrse to the same chemical 
reaction as we employed to prepare tlu>se of iron^ namely^— 

20 equivalents of copper 640 

8 equivalents of chloride ol aluminium • 1076 

10 equivalents of lime 280 

We mixed these substances intimately to^^ether, and after 
having submitted them to a high temperatui*e for one hour, we 
found at the bottom of the crucible a melted mass covered with 
chloride of copper^ and in this mass small globules^ which on 
analjrsis gave the foUowing results 

CSopp^ . • • . ^ 9l'5S 
Alumininm • • • 8-47 

10000 

which cormpond with the formula 

5 equivalents of copper . • 160 s 91*96 

1 equivalent of aluminium . 14 ss 8'14 

174 = lOUOO 
Wc made anotlicr mixture of chloride of aluminimn and cop- 
per in the proportions above stated, but left out the lime; we 
^dfio obtained an alloy, which yielded the following results : — 

Copper . • , , 87*18 
Alumimum ♦ • • 12*82 

100*00 

which lead to the formula !^ 

8 equivalents of copper . . 96 a: 87*27 
1 equivalent of alumimum . 14 ss 12*78 

Tio = 100 00 

AUoys of Iron and SSne. 

We also anolvsed a dr])08it formed conatautly at the bottom 
of a metallic bath, composed of melted zinc and tin, ami which 
is used for galvanizing iron. This deposit was found tu be com* 
posed of — 

Iron ..... 606 
Zmc 93-94 

10000 

which eorresponds with the fbrmuhi 

1 equivalent of iron . . . 28 ss 0 79 
12 equivalents oi zmc . . . 384 = 93*21 

100*00 
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This alloy hid not.tbe kmeUar appeanmee of sine, but a ory- 
atalline 000^ and waa cztieniely bard and sliglitly fiiaible. Wa 
thought, perhapv, that the hath waa latarated with iron, which 
had eomfamed with the line and had gradoallv depodted* We 
aoeoidingly took aome of the melted alloy of line and tin in 
wiona iNurta of the bath and eiamined thenij but found only 
traces of iron. It is certainly remarkable that the iron does not 
remain diffused in the metallic bath, which is constantly kept in 
a state of fusion, but combines in definite proportions with sine, 
fonning a crystalline compound, and that it deposits at a tem- 
perature of at least 800° F» 

This fact induced us to examine the composition of the metallic 
bath, which being a very large one, gave us a good opportunity 
of ascertaining a very interesting problem, viz. whether when we 
employed definite proportions of zinc and tin to compose it, and 
melted them together, the mass of the bath would have a uniform 
comj)osition, or would vary accordinp; to the depth. The bath 
we u*ed was 2\ feet wide, 10 feet lon^'^, and 3 J feet deep, and it 
coiitmned fourteen tons of melted ziuc and tin. As fh\^ definite 
C()inj)(>und of iron and zinc existed in large quantities at the 
bnttoiii of the metallic bath, in order to take our Ramples we 
madi a wrought iron tube, of two s€ctiou>_, with flanjjes the 
entuL length, joined togetlier by means uf screws, which brought 
the parts of the tube into close contact. This tube, whicli had a 
tap fitted on the upper end, being air-tight when closed, was 
plunL'ed into the melted metallic bath, and after having reached 
a given di])tli, a little alloy was allowed to run in by slightly 
opening the tap and then closing it. By this means we obtained 
the following samples ; one at the top, one at from 21 to 24 
inches deep, and one at the bottom, and we found these to have 
the following composition ^— 

Top. 21 to 24 in. Bottom. 

. Zinc . . 81-48 87*72 90 0i 

Tin . . 18G0 10 03 8 64 

Lead . . 4-92 2 25 1-32 



100*00 100*00 100-00 

These numbers therefore clearly show that the metallic bath 
of zinc and tin (for the lead may be considered as an impurity of 
the zinc) bad a different composition in its various parts, and that 
the chemical affinity was not powerful enough to maintain a uni- 
form composition through the mass. It is also curious to observe 
that the heaviest metals, viz. tin and lead, are in larger propor- 
tions at the top of the bath than at the bottom. \Vc shall not^ 
however, venture to give any ea^lanation of this curious fact 
untU we have further data. 
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There is e hct which mem to us also wwth notice; it ia» 
that if we anppress from tha ahove per-eentagce the propottiaii 
of lead which they ccmtain^ and then eaieukte the sne and tin 
into new per-centagesy we find that the reaulta ohtained ^eriedfy 
eonenKMia with the qnantities leqniied to fepresent definite oodp 
pounosy or alloys having an eqmfalent compoaition ; in hct 



Top:— 

Tin . 
Zine • 


Pound. 
. 14-30 
. 85-70 


Calculated. 
13-89 
86*11 


Fonnuku 

ISn. 
llZn. 


Middle 

Tin . 
Zine i 


. 10*26 
. 89*74 


9-98 
9002 


ISn. 
16Zn. 


Bottom : — 

Tin . 
Zinc • 


. h'76 
. 91-24 


8-54 
91-46 


ISn. 
19Zu. 



Although the (quantities found by analysis so nearly correspond 
with those obtained by calculations^ still we heaitaike to admit 
that the metals composing the metallic bath eiist in it in a state 
of definite compounds, the more so as the equivalent of ainc is 
ao high oompsietively with that of tin. 

Our object being to obtain cheaper alloys than those now in 
use called brass and bronze, in which copper predominates, we 
prepared several alloys in definite proportions, in which sine 
predominated. To obtain these alloys we melted tin, and added 
gradually to it the sine, or the sine and lead, and then poured 
this mixture into a melted mass of copper ; stirring the mixture 
well and casting the whole into bars, we aucceeded in obtaining 
the following afioys 



No. 1. 

Found CalciUnted. 
6 equivalents of zinc . . 68 o2 G8'55 
1 cquivaltiit of tin . . . 20 62 20-84 
1 equivalent of cupper . H OG ll'll 



10000 10000 

No. 2; 

10 equivalents of sine . . 62*64 62*85 

1 equivalent of tin . . . 11*82 11-18 

1 equivalents lead . • 19*94 19*86 

1 equivalent of copper • 6*10 6*11 



100*00 100*00 
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No. 8. 

Found. Gaknkted. 

20 eq uivalenta of zinc . . 69*56 69*77 

2 ... tin . . . 12-58 12-41 

1 ... lead . . 1106 1104 

2 ... copper. . 6*80 6-78 



100 00 100 00 



AUoy$ of Copper, 

We also prepared a aeries of alloys in which copper predomi- 
nated; the modiu operandi was the same as that adopted to pre- 
pare the above, and we found them to be composed of« — 



No, 1. 

Found. (.calculated. 

4 equivalents of copper . . 56*25 5G 'i5 

8 ... zinc . . 4^ 75 43-55 

10000 ' UXKX) 

No. 2. 

18 equivalents of copper . 87*05 86*29 

1 ... sine . . 507 4*93 

1 ... tin . . . 7*88 8*78 

loOOU 100*00 

No. 8. 

10 equivalents of copper . 77*45 77*77 

8 ... sine . . 14*89 14*28 

1 ... tin . . . 8-16 8-00 

100*00 10000 



The first alloy of this series^ or one much approaching to it, 
is already in commerce, and has been analysed by M. Rieffel. 

The second alloy has been introduced into commerce of late, 
Hiul IS much valued by locomotive manufacturers for its extreme 
hardness. 

The third alloy is one not yet in commerce, but we believe, 
from its physical properties, that it will replace the second alloy 
in in liny of its principal applications, and if so, it will prove an 
advantage to trade, as it is a much cheaper alloy. 

We were induced to try the action of various acids on the above 
alloys; for if they were simple mixtarco metals, there was no 
reason why the uictals. composing them should not be attacked, 
though mixed together, as they would if they existed in a free 
state; whilst^ if they were chemically combined, the action of 
adds would be modified. The residtS; as far as we have pro- 
Pill/. Mag. S. 4. Vol. 10. No. 66. Oct 1855. S 
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oeededj perfectly corroboiate these views, and we hope that when 
we have completed this new field of mve8t^;atkm, we shall hmve 
practical feaults to offer. 

Action of Hydi'ockloric Add, fill strength 124, for two hours. 

Composition of Loss per Action uu the iiietal> 
Jfo. 1 allovi. cent. comjwsin? tlu uUav. 

Cu . • 18 eq. 86*29^ Zinc, \ lolcnt. 

Zn . , 1 ... 4-93 ^ 0-18 Tin, viulent. 
Sn . . 1 ... 8* 78 J Copper, slight. 

No. 2 

Cu . . 10 eq. 77-771 

Zn . . 1 ... 14-23 \ 012 

Sn . . 1 ... 800 j 

No. 3 

Cu . . 4 eq. 56-451 ^ „ 
Zn . . 8 ... 48-55 1 ^'^ 

Theiefoie these alloys are mndt less attacked than tlie metals 
which compose them ; and it is ceitamly interesting to find that 
the alloT No, 8, which contains nearly 50 per cent, of atnc, is 
attacked so slightly by the hydrochloric add. This inertness 
of an acid, having a most powerful action on one or more of the 
metals composing an alloy, is most eurions ; and what increasca 
its interest is, that it appears to he general, as seen in the fol- 
lowing tahles, which illustrate the action of sulphnric acid : — 

Composition of Action of sulphuric Action of sulphuric acid 
sUoy. add, spec. grar. on the metals. 

No. 1 1— VfiO. 

Cu . 18 eq. 86*29] Tin, alight. 

Zn 1 ... 4*98 > None. Copper, slight. 

Sn . 1 ... 8*78j Zinc, violent 

No. 2 

Cu . 10 eq. 77-77 

Zn . 1 ... 14*23 V None. 

Sn . 1 ... 8-00 
No. 8 



Cu . 4 eq. 56 
Zn . 8 ... 48 



1] 

r45\ 
*55J 



None. 



Action of Nitric Add on the above Allays^ 

Composition of Nitric add. Action of nitric add 
alloy. sp. 0. 1*100. on tiie meteli. 

No. 1 Um, 

Cu . 18 eq. 86-29"] Copper, most violent. 

Zn . 1 ... 4 93 y 02 Tin, do. 

Sn . 1 ... 878j ZiDC, do. 
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No. 2:— 
Cu . 
Zn . 
Sn . 

No.8:— 
Ctt . 
Zn . 



Compu:iitiuu of 
alloy. 

10 eq. 77-771 
1 ... 14*28 Y 
1 ... 8*00j 

4 eq. 56*45\ 
8 ... 48-55/ 



Nitiic acid. 

sj). ^^100. 
*06 



Actiou of nitric acid 
on the meCds. 

Copper^moftt violent. 
Tin, do. 
ZinOj do. 



•03 



The reijults contained in the last table illustrate our views 
completely, viz. that alloys having a definite composition ofi*er a 
most extraordinary resLstaace to the action of acids, ^as we have 
allova the metals of iHiieh axe most violently attacked by nitric 
acid^ and still we find but a' comparatively small amount of alloy 
dissolved by this powerAd acid. 

We hope at a fatore time to pobliah the result of our labomr^ 
which will not only consist in examining the oompantive tena- 
city, hardness, &c. (tf certain alloys^ as compared with the metals 
com posing them, but the influence which, say one, two, or three 
equivalents of a metal entering into the composition of an alloy, 
may have on the physical and cnemical properaes of the said alloy. 



XXXI. On the Apjjlication of Photography to Experiments an 
Dijfraction, By John Bridge, M.A. University College, 

London^, 

IN addition to the difficulty of givin|p an explanation at once 
accurate and popular of the principlea of the interference 
of light, the want of some cheap and convenient means of exhi- 
biting its phaenomena has hitherto prevented the subject from 

l)("ing generally known. It is not my concern here to insist 
.that the former difficulty iiiav be removed, bat to describe a 
means by which the immena may, at a tntiing cost, be illus- 
trated iTi as great variety as may be desired. 

If we look at a line of light through a series of equidistant 
lines ruled on glass, lateral spectra are produced, whether a tele- 
scope or only the naked eye be employed. Here is then an ex- 
periment which may be performed in a simple manner; and to 
make it a })(>pular experiment, it is only necessary to produce 
these lines cheaply. It occurred to nic to do this by taking a 
collodion picture, as small as desired, of a series of hues ruled 
on a scale as large as may be necessary to ensure accurate equi- 
distance. When I had succeeded (to a considerable extent) in 
this, it seemed to me that by bringing the cireles, triangles, or 

* Couiaiunicated by the Autlior. 
S2 
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oiher figures used in Sir John Umchd's expenmeots within the 
space of the pupil of the eye on a eoUodion plate, that aeriea 
of beautiful phMomena mi{^t be produoed without the ^ploy- 
mentof a tekaoopCi or at any rate by the employment of a 

scope of very low power. 

Several circumstances tend to prevent perfect accuracy, and 

claim attention, either to be obviated as we beat can^ or to be 
dismissed as ineapable of doinp: material harm. 

1. Inequality iu the surtace an l in the substance of the glass 
which is to receive the collodion tihn. 

2. Inequality in the collodion film ; in its thickness from 
pouring off, or wrinkles on its surface left by the evaporation of 
the jether. 

8. The difficulty of placing the glass to receive the image in 
a plane exactly parallel to that of the object. 

With respect to the second dithciilty, it is to be considered 
that the thickness of the collodion film is of an order quite com- 
parable with the length of a wave of light ; in fact, I found that 
the film of an average collodion from a hundred square inches^ 
when dried and lightly pressed, occupied considerably less than 
^^th of a cubic inch, so that the tnickness was certainly not 
more (and probably very much leas) than -^msdHh of an indi. 
The inequality ansmg fiom wrinkles is a small fraction of thia. 
The inequality arising from pouring off must also, for the amaU 
surfiuse I would use, be a very smaU fraction of the whole thick- 
ness; and such as it is^ approximates to that of a very acute- 
angled prism, whose effect would be quite inappreciable. By 
cementing a piece of thin glass over tne surface of the picture, 
it is probable that the effect of thewrinkles would be neutral ized» 
at the same time that protection would be afforded to the film. 

The third source of error is the most important, but is more 
in the power of care and delicacy than the others. To find the 
effect of a small error of this sort in displacing the pointa of the 
figure, let ab be the correct, and AB 
the actual position of the surface of 
the film, C the centre of the picture, 
O of the lens. Then the point which 
should be at the distance Qp from C 
is at the distance CP. 

CP-Q.-§Jx/.AC«. 

If we are to have, say 500 lines in C/) = | ot an inch, the error 
ACfl, which would remove the SOOth line to the place of the 
601 st, would be jy, or rather more than 2° for a focal length of 
10 inches. 
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- The degree of success which I have obtained without the op- 
. , portunity of satisfying these requirements, is sufficient to assure 
ijxe that these beautiful experiments may thus be placed within 
tlie reach of all, and to justify the expectation that any one who 
possesses the necessary skill and other advantacres may ccHivert 
^ lUis, not only into a popular, but an accurate and scientific ex- 
periment. 

Besides the hues givinp; lateral spectra, 1 have produced regular 
,2 series of a large number of circles, triangles, kc. within the space 

of the pupil of the eye, so that the jjhienomena may be seen in 
. a. variety of forms by the unaided eye*. This is, I supposej 

Hcarcely possible by any other means than photography. 



X.XXII. Notes on Mineralogy. — ^No. TIT. On Serjjeniines and 
Soapstones. By the Rev. Sa>[ui;l Hacohton^ Frofewor of 
Gtology in the UmversUy of Ihtbimf, 

THE following additional analyses of serpentines and soap- 
stones may be considered of interest by some of your 
readers, particularly those relating to the serpentine porphyry 
€»f the Lizard, respecting which there has been some difference of 
opinion among mineralogists. 

The serpentine porphyry of Cwnwall consists of gieenish 
crystals imbedded m a reddish paste; the jpreen mineral has 
bisen nriMioiuiced diaUage by Dr. ooub and Sir H. De la Beehe, 
and tne reddish paste o(msidered by the same anthorities as a 
species of felspar: both these opinions seem to me to be enro- 
neons, as the porphyritic serpentine of Landewednack and Ky- 
nance Cove most be oonsidmd as composed sltogether of ser- 
pentine. I ha?e not found alumina in sensible qnantity in the 
Comi^ porphjry, and therefore its presence in the veins of 
steatite which mterseet the serpentine porphyry is highly inter- 
estmg. Daring a visit which I paid to this interesting locality 
in 1854, 1 ascertained the cause of the presence of alumina in 
the veins of soapstone. Both at Kynance Cove and Gue Grease, 
the serpentine porphyry is intersected by dykec^of granite, and 
the celebrated veins of soapstone lie spiead out in sheets at the 
junction of the serpentine and granite; the soapstone must 
therefore be regarded as the result of the contact of these rocks 
at an elevated temperature ; the serpentine supplying the mag- 
nesia; and thefd^nr of the granite, the alumina, necessary for 
the formation of the soapstone. 

* But much better with a common telescope, 
t Cominiiiiicated by the Author. 
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No. 1. The red earthy, sometimes scmi-crystalliDe base of the 
terpentine porphyry of Kynance Cove. 

No. 2. Serpentine, carefully ]iickcd out from the verd antique 
of Ballinaiiinch, co. Galway. It is iiitiuiately mixed up 
with white crystalline marble, and is the result of nicta- 
mor{)bic action. The carbonic acid present is due to 
small particles of limestone which could not be com- 
pletely separated. 

No. 3. Eruptive pale green (pasting into gray) serpentine, 
oontaining abundance of magnetic iion oxide, from Zer- 
mat Thai, Switierland. 

No. 4. Dark green, gloaay aerpentine from Syiia, preeiae 
locality unknown. 

From tbo foregoing analyaea we readily obtain the following 
atomic eqoivaknta 

Nnmber of Atoms. 









Wklar. 




No. 1. 


0-832 


2087 


1 -3 13 


10 : 25 08 : IG 14 


No. 2. 


0-872 


2-098 


1-484 


10 : 24 : 17-02 


No. 3. 


0 932 


2-131 


1 10 I 


10 : 22 HC, ; 15 (m; , 


No. 4. 


0-896 


8-020 


1-573 


10 i 88'54 » 17*66 



Notwithstanding the differences apparent in the foregoing re- 
sults, they all approximate to the formula 5Si O', I2Mgb, 8U0, 
whidi gives for rational formula,— 

5{2MgO, SiO^-h 110} + {2MgO, 3H0}. 

The following Table oontaina the analyses of two spedmens of 
soapstone ; the first taken from the vein at Kynance Cove, the 
second from the vein at Gue Grease. 



Digitized by Google 



Mr. W. J. M. Baiikme MFrmiKmofSaiwraUd Vapoun* 256 



Analyses of Soapstoaes* 
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Tiic^ aiiulyiie^ iurmbli us with tbe iullowiDg:«— 

Namber of Atoms. 











Waftnr* 






0-923 

0-915 


0-129 

0-149 


1 441 


2152 

2051 


G-4 : 0-9 : 10 : 14 9 
fT- : 0 9 : 10 : 13 4 



From this table wc tlrducc the formula 6Si O^, APO*^, lOMgO, 
i4UO, which gives as ratioual iornuila probably the following 

5{2MgO, Si0^> + {A1«'0^, SiO»>+14UO. 



XXXIII. On Pressures of f^a titrated Vapours. 
By W, J. Macquokn IUn&ine^ 

To the Editors of the PMlosophical Magazine and Journal, 
Gentlemen^ 

THE perusal, this day, of a recent paper by Sir John Lub- 
bock on Astronomical Krfractions, has made me aware of 
the fact, that in 1840 that autlior })ublislicd a general formula 
(or tbe pressures of saturated vapours of the following form : — 

logP=l(logE+log(l+^))j . . . (1) 

P being the pressure^ r tbe absohite temperature^ and 

constants. 

Sir John Liibbork points ont the resemhlanrc bctwrcn the 
above formula and tliat which was publislunl ij y lue in the liidin- 
burgh Philosophical Journal for July 1849, viz. 

iogr=A-5-J- (a) 

That resemblance I freely admit ; inasmuch as the develop- 
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The differmee» between the two fommhs eppeir to me to be 
the follofwing* 

The fonndla (I) is deduced from certain reaaoningt as to ida> 
tions between the pressure of vaponr and its total heat of efiqio- 
ration (which reasonings it would be premature for me to disctua 
after so brief an examination of them as I have vet been able to 
make), and it contains estentially but three indiependent eoeffi- 
cienta; ao that all the coefficienta of its development mnat be 
fonctions of the first three. 

The formula (2) was rather sugg^f^ted hy, than deduced from, 
certain hvpothetical views as to the condition of a vapour at and 
near Uu surt;ico of its liquid; with respect to which views 1 may 
refer to the Tran>action8 of the Koyal Society of Edinburgh, 
vol. XX., and the Philusophieal Magazine for Dtjceujbei 1831 and 
December 1854. In this formula the number of independent 
coefficients to be determined empirically is imleji/iifc, ahhoiisrh 
three coefficients have been found to give a sufficiently elo!>e 
agreement with such experiments as have yet been made. On 
this point fece § 10 of a paper in the I'lulosophical Magazine for 
December ISo^. The computation of the coc^dcients is a very 
easy process. 

I may obaenrey that^ from tbe fbOowing principle in the theovy 
of thermo-dynamics (Phil. Trans. 1854^ part 1),—^ 

Latent heat of evaporation of unity of weight of a fluid 

(expressed in units of work at the rate of 772 foot-pounds 
per Fahrenheit-unit of heat), where v and V are the vobnnes 
of unity of weight of the fluid in the liquid and vaporous 
states respectively, — 

it is easily deduced that if ike vtpour be a perfect ffoi, 

. log,P=a-j^^{(*-K)log,T+^}, . . (S) 

in which t^^ Pq, \q refer to a fixed standard absolute tempera- 
tore, K is the dynamieal specific heat of the vapour under con- 
stant pressure (or the meraanieal work required to heat unity of 
weight of it one degree under constant pressure by friction)^ k 
that of the liquid, and a and c are eonatanta to be found empi- 
rtcally. But aa few saturated vapours are even approumately 
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in the ixTfectly gnseons state, the formula (3) refers to aa ideal 
case, and I therefore refrain irom enlarging upon it. 

The ratio oorresponda to — ^ in Pouson'a notation. 

I liavethe honour to be, Gcntlcmcii, 

Your most obedient Servant, 

Olas^w, September 21, 1866. W, J. MaCQUO&N EanUNB. 

5y St. Vincent Street. 



XXXIV. On the Nature of the Force by which Bodies are repelled 
from the Poles of a Magnet ; to which is prefixed, an Account 
of some Experiments on Molecular Influences, By John 
Tyndail, PhJ},y F.H.S. ^c, 

[Oondttded from p. 179.] 

*8« SqmtUe andjokU oeHon of a Magnet and a VoUaic Curreni 
on Paramagnetic and DiamagneOc Sodiea, 

IN operating upon bars of bisumth with the magnet, or the 
current, or both combined, it was soon found that the u^ravest 
mistakes might be committed if the question of structure was 
not attended to ; that it is not more indefinite to speak of the 
volume of a gas without giving its temperature, than to speak of 
the deportment of bismuth without stating the relation of the 
form of the mass to the planes of crystalhzation. Cut in one 
direction^ a bar of bismuth will set its length parallel to an elec- 
tric current passing near it ; cat in another direction, it will set 
ita length perpendicular to the same current. It was necessary 
to study tbe oeoMtment of both d these bars separately. 

A hdiz was mrmed of covered copper wire one-twentieth of an 
inch thick : the apace within ihe hehx was rectangular, and waa 

Fig. 6. 






1 iiicJi Um^, 0-7 inch hitrh, and i inch wide: the external dia* 
meter of the hehx was 3 inches. Within the rectangular space 
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throngn « sUt in the belii. Tbe latter was placed between the 
two flat poles of an dectro-niagnet, and oonld thus be caused to 
act upon the bar within it^ either alone or in combination with 
the magnet. The difiposition will be at once nnderatood from 
fig. 6^ which gives a front view of the arrangement. 

Action of Magnet alone: Dmdon of bars into Normal and 
Abnormal. — A bar of soft iron suspended in the magnetic field 
will set its longest dimension from pole to pole : this is the nor- 
mal deportment of paramagnetic bodies. A bar of bisrauth^ 
whose planes of ])iiiicipal clcavapre ;iie throughout parallel to its 
lengthy suspended in the magnetic field with the ^aid planes 
vertical, will set its longest dimension at ri^^lit angles to the Hue 
joining the poles : this is the uormal deportment of diamagnetic 
bodies. We will therefore, for the sake of distinction, call the 
former a normal paramagnetic bar^ and the latter a normal diamag- 
netic bar, 

A bar of compressed carbonate of iron dust, wliost shortest 
dimension coincides with the line of pressure, will, when sus- 
pended in the magnetic field with the said line horizontal, set 
its length equatorial. A bar of compressed bismuth dust, simi- 
larly anapended, or a bar of bismuth whose prineipal planes of 
oystalliiation are transverse to ita length, will set its length 
anal in the magnetie field* We will oill the former of these 
an idmofmtd pamnagnetic bar, and the latter an tArmrmtl d&i- 
majfneiie bmr* 

Adum of Current akm on normal and abnormol ban. — A nor- 
mal paramagneiie barwm suspended in the helix above described; 
when a current was sent through the latter, the bar set its longest 
horiaontal dimension parallel to the axis of the helixi and con- 
sequentlv perpendicular to the coila. 

An iunormal paramagnetic bar was suspended in the same 
manner ; when a current was sent through the helix, the bar set 
its longest dimension perpendicular to the axis of the helixj and 
consequently parallel to the coils. 

A normal diamagnetic bar was delicately suspended in the same 
helix ; on the ])assagc of the current it acted precisely the 
abnormal magnetic bar ; setting its longest dimension perpen- 
dicular to the axis of the helix and parallel to the coils* \\ hen 
a fine fibre and suihcieut power are made use of, this deportment 
is obtained without diflBcultv. 

iVu abnormal diamagnetic bar was suspended as above ; on the 
passage of the current it acted precisely as the normal magnetic 
bar : it set its length parallel to the axis of the helix and perpen- 
dicular to the coils. Here also, by fine manipulation, the result 
is obtained with ease and certainty. 
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Action of Magnet and Current combined, — In exanuTiing this 
subject, eight expei micnts were matle with each particular l)ar ; 
it will be remembered that fig« 6 gives a general view of the 
arrangement. 

1. Four experiments were made in which the may net was 
excited first, and after the suspended bar bad taken up its posi- 
tion of equilibnuui, the deflection produced by the passage of a 
current through the surrounding^ helix wa.-* observed. 

2. Four experiments were matlt: m which the helix was excited 
first, and when the bar witbm it bad luken up its position of 
equilibrium, the maguctism wati developed and the consequent 
deflection observed. 

Noi-iual Paraiuaynetic Bar, — In experimenting with the soft 
iron it was necessary' to place it at some distanee from the mag- 
net, otherwise the attraction of the uutuc mass by one or the 
other pole would completely mask the action sought. Fig. 7 
represents the disposition of things in these experiments : N and 



Fig. 7. 




8 indicate the north and south poles of the msgnet; oft is the 
bar of iron ; the helix within which the bar was suspended is 
shown in outline around it ; the arrow shows the direction of 
the current in the upper half of the helix; its direction in the 
under portion woulo^ of coarse, be the reverse. 

On exciting the magnet^ the bar of soft iron set itself paiallel 
to the line joining the poles, as shown by the unbroken line 
in fig. 7, 

When the dtreetion of the eunent in the helix was that indi- 
cated b the arrow, the bar was deflected towards the position 
dotted m ike. figure. 

Interrupting the current in the helix, and permitting the 
magnet to remain excited, the bar returned to its former position : 
the current was now sent through the helix in the direction of 
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the arrow, fig. 8; the couBequeut ddlecUuu was tow&rtk tLe 
doited position. 

Fig. 8. 




Both the current which eidted the magnet and that which 
passed through the helix were now interrupted, and the polarity 
of the magnet was reversed. On sending a current through the 
helix in the direction of the arrow^ the deflection of the bar waa 
ftom the poeitioii of the defioed hue to that of the dotted one,fig.9* 



Fig. 9. 





Interrupting the enmnt through the helix, and pennitting 
the bar to come to rest under the influence of the magn^ 
alone, a current was sent through the helix in a direction op* 
posed to its former one : the deflection produced was that shown 

in ficT, 10. 

The })()sition ot cquilibnuni tin.illy assum«Hl bythe bar depeuds, 
of course, upon the ratio nl tfic forces ;u ting ujmn it : in these 
experiments, tlie bar, in its final position, enclosed an angle of 
about 50 degrees with the axial line. 
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Fig. 10. 





A Beries of experiments was next made, in which the bar was 
first acted on by the current passing through the helix, the mag- 
net being brought to bear upon it afiterwarda. On the passage 
of the current through the helix in the direction shown in fig. llj 
the bar set its length parallel to the axis of the latter. On ex- 
citing the magnet so that its polarity was that indicated by the 
letters N ftnd S in the figure, the deflection was towards the 
dotted position. 

Fig. 11. 





Intermpting the current through both magnet and hellz, and 
reversing the current through the latter, the bar came to rest, 
as faqCt|% narallel to the aaoa : on exciting the magnet, as in the 
Isat tmt, die deflection waa ^at ahown in fig. 12. 
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Fig. 12. 





Ptreienring the same current in the helix, and reversing the 
polarity of the magnet, the deflection iros that shown in fig. 13. 

Fig. 13. 




a 



N 




Preserving the magnet poles as in the last experimentj and re- 
versing the enrrent in the helix, the deflection was that shown 
in fig. 14. 

Fig. 14. 




9 



N 




In these cases^ the bar, in its final position of equilibrium, 
enclosed an angle of about 40 degrees with the axial line. 
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Normal Dummgnetic Bat*^lh» above ej^eriments exhibit to 
un the dmtrtment of tbe normal paramagnetic body under a great 
variety of conditiona, and our next step is to compare with it the 
deportment of the normal diamagnetic body under the aame cir- 

cunistauces. 

For the sake of increaaing the force^ the helix waa removed 
from its lateral position and placed between the two poles^ as in 
fig. (3 J p. 257. The normal diamagnetic bar was suspended 
within the helix and submitted to the self-aame mode of exami- 
nation as that applied in the caae of the paramagnetic body. 

The })olarity first excited was that ahown in fig. 9, Plate IIL, 
and the position of rest^ when the magnet alone acted^ waa at 
right angles to the line joining the poles ; on aending a current 
through the helix in the direction of the arrow, the deflection 
waa towarda the dotted line. 

Preserving the magnetic pobrity as in the laat experiment, 
the direction of the current through the helix waa reversed, and 
the deflection waa that shown in fig. 10* 

Reversing the polarity of the magnet^ and sending the cur- 
rent through the helix in the direction of the laat experiment, 
the deflection was that shown In fig. 11. 

Preserving the last magnetic pofcs^ and sending the current 
through the helix in the opposite direction, the deflection waa 
that shown in fig. 12. 

In the following four experiments the helix was excited first. 

Operated upon by the helix alone, the sospcnded bar set its 
length parallel to the convolutiona, and perpendicular to the axis 
of the coil : the direction of the current was first that shown in 
tig. 13 : when the magnet waa excited, the bar waa deflected 
towards the dotted position. 

Interrupting both currents, and reversing the current in the 
helix ; when the magnet was excited, as in the last experiment, 
the deflection was that shown in fig. 14. 

Preserving the helix current as in the last experiment ; when 
the polarity of the magnet was reversed, the d^ection waa that 
ahown in fig. 15. 

Interrupting both, and reversing the current in the helix; 
when the magnet was excited as in the last experiment, the de- 
flection was that shown in fig. 16. 

In n paper on the Polarity of Bismuth* published in the 
Philosophical Magazine, ser. 4. vol. ii., and in Foggcndorff's 
Anmieu, vol. Ixxxvii., an experiment is recorded in which the 

* From the notices of this paper which have appeared in the contineutal 
joumali, I §m obliged to infer tnat it it in some respects obicurely written. 
The conclusion I intended to expraaa it that hitnuith pottetttt a polarity 
opposed to that of iron. — J. T, 
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deportment eihibited by fig. 1 1 of the present series was ob- 
tained. In a recent memoir on the same sabject, 5f • v. Feilitsch* 
states that he has sought this result in vain. Sometimes he 

observed the deflection at the moment of closing the circuit, but 

conceived that it must be ascribed to the action of induced cur- 
rent;? ; for immediately afterwards a deflection in the opposite 
direc tion was observed, which deilection proved to be the perma- 
nent one. 

T have repeated the experiment here referred to with ail pos- 
sible care; and the result is that described in the n^niarks which 
refer to fig. 11. This irsult agrees in all respects ^vitli that 
described in my lonner paper. To enable myself, huvvevt:r, to 
appeal to quantitative measurement, a small irraduated circle 
was constructed and placed underneath the bar oi bisuiutb sus- 
pended within the helix. The effect, as will be seen, is not one 
regarding whieh a mistake oould be made on account of its 
spmiitaiess : operatiDg delieately, and elioosi&g a suitable rela- 
tioD between the stiengtb of tbe magnet and that of tbe spiral tj 
on sending a current throngb tbe latter as in fe. 11, tbe bar 
was defle^ed so forcibly tbat tbe limit of its mat impulsion 
resebed 120^ on tbe gradoated eircle nndemeatb. Tbe perma- 
nent deflection of the bar amoonted to 60^ in the same direc- 
tion, and hence the deportment could in no wise be ascribed to 
tbe action of induced currents, which vanish immediately. Befirae 
•ending tbe corrent through the beliz, tbe bar was acted on by 
the magnet alone, and pointed to zero. 

Thov^ it was not likely that the shape of tbe poles could 
bsve any influence here, I repeated the experiment, using tbe 
hemisphencal ends of two soft iron cores as poles : tbe result 
was the same. 

A pair of poles with the riirht- and left-hand edges rounded 
off, showed the same deportment. 

A pair of poles presenting chisel edges to tbe helix showed 
the same deportment. 

Various other poles were made use of, some of which appeared 
to correspond exactly with those figured by M. v. Feditsch ; but 
no deviation from the described deportment was observed. To 
test the polarity of the magnet, a magnetic needle was always at 
hand : once or twice the polarity of the needle became reversed, 
which, had it not been noticed in time, would have introduced 
confusion into the experiments. Here is a source of error against 
which, however, M. y* Feilitscb bas probably guarded himself* 
Some irregularity of crystalline structure may, perhaps, have 

* Pog^'ndorflT s Annalen, vol. xcii. p. 395. 

t In most of these experiments the spiral was excited by ten cells, the 
najgnet fay two. 
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inflaeneed the result. With ** chemieall y pure sine M. v. FeU 
litftch obtained the same deflection that 1 obtained with bismnth : 
now chemieallv pore sine is tSitma^netie*, and henoe its deport- 
ment is corrobovative of that which I have observed. M. v. 
^eihtschj however, appears to regard the zinc used by him as 
magnetic ; but if this be the case, it cannot have been chemically 
pure. It 13 necessary to remark that I have railed the north 
pole of the electro-magnet that which attracts the south, or un- 
marked end, of a magnetic needle; and I believe this is the 
custom throughout Germany. 

Afmormnf Paramagnetic Bar. — Tins bar consisted of com- 
pressed carbonate of iron dust, and was suspended within the 
helix with the line of compression, which was its shortest dimcn- 
lini i/oiital. As in the eases already described, it was first 
acted u])()ii by the maii^nel alone; having attained its position of 
equilibniini, a eurrent was sent through the helix^ and the sub- 
sequent drlii ction was observed. 

The magnet beintr excited as in fig. 17, Plate 111., the bar set 
its length equatorial ; on sending a current through the helix in 
the direction of the arrow, the bar was deflected to the dotted 
position. 

Beveraing the eurrent in thehelix^ but permitting the magnet 
to remain as before, the deflection was that shown in fig. 18. 

Interrupting aU, and reversing the polarity of the magnet ; 
on sending the current through as in the last case, the deflection 
was that shown in 6g. 19. 

Beversing the current^ but preserving the last condition of 
the magnet, the deflection was that shown in fig. 20. 

In the subsequent four experiments the helix was excited first. 
AVhatever might be the direction of the current through the 
helix, the bar always set its length perpendicular to the axis of 
the latter, and parallel to the roils. 

Wicn the direction of the hehx current, and the polarity of 
the magnet, were those shown in fig. 21, the deflection was to 
the dotted position. 

iutcrru])tinij: all, and reversing the current in the helix; ou 
exciting the magnet the deflection was that shown in fig. 22. 

Changing the ])olarity of the magnet, and preserving the helix 
current in its former direction, the deflection was that shown in 
fig. 23. 

Interrupting all, and reversing the current through the helix; 
when the magnetism was developed the deflection was that shown 
in fig. 24. 

^ Abnormal Dkmagneiie Bar, — ^This bar consisted of a prism of 
Inmuth whose principal plsnes of crystallisation were perpendi- 

* Phil. Mag. vol. xT%Mii. p. 45f>. 
PiuL Mag, S. 4. Vol. 10. No. 06. OcL 1855. T 
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eular to Its length : the mode of experiment was the same aa 

that applied in the other eaaea. 

Acted upon by the imignet alone, the bar set its length from 
pole to pole: the magnetic excitation being that denoted by 
fig. 29, a current was sent through the helix in the directkm of* 
the arrow ; the bar was deflected to the dotted position. 

Reversing tin current through the helix, the deiiection waa 
that shown ill tiir. 30. 

Interrupting both currents and reversing: the magnetic poles; 
on sending a current through the heUx as in the last experiment, 
the deflection that shown in fig, 31. 

llevcii^uig the current through the helix, the dedectiou was 
that bhowu in tig. 32. 

In the subsequent four experiments the helix was excited first. 

Sending a cnmnt through the helix in the difeetion denoted 
hj the arrow, the bar aet ita length at right angles to the eon- 
volutions, and paraUel to the ana of the helix; when the mag. 
netiam waa ezeiteil aa in fig. 25, the deflection waa to the dotted 
position. 

When the eorrcnt waa aent through the helix in an oppoaite 
direction, the deflection waa that shown in fig. 26. 

Intermpting both enrrents, and revetaing the poke of the 
magnet; on sending a current through the helix as in the last 

experiment, the deflection was that shown in fig. 27. 

Reversing the cunent in the helix, the defection waa that 
shown in firr. 28. 

In all these cases the position of cquihbrium due to the first 
force WHS attained before the second force wiis permitted to act. 

It will be observed, on comparing the deportment of the nor- 
mal paramagnetic bar with tliat of the normal diamaguctic one, 
that the position of equilibrium taken up by the latter, when 
operated on by the helix alone, is the same as that taken up 

the former when acted on by the magnet alone : in both cases 
we poaition ia from pole to pole of the magnet A aimilar 
remark appliea to the abnormal para- and diamagnetie bare. It 
will render the diatinetion between the depcwtment of both claaaea 
of bodiea more evident, if the poaition of the two hari> before the 
application of the second force, be one and the aame. When both 
the bars, acted on by one of the ibroea, are axial, or both equa* 
torial, the contrast or coincidence, aa tiie case may be, of the de- 
flectiona from this common poaition by the aecond force will 
be more strikingly evident. 

To cficct the com])arison in the manner here indicated, the 
figures have been collected together and arranged upon Plate III. 
The first coluiiDi represents the deportment of tlic normal para> 
magnetic bar under all the conditions described; the second 
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column, that of the normal diamagnif*tic bar; the third shows 
the deportment of the abnorifiHl ]><irama(pietic bar, and the fourth 
that ot the abnormal dianmprnetic bar. 

A comparison of the first two columns shows us that the dc- 
portment oi the normal magiietic bar is perfectly antithetical to 
that of the normal diamagnetic one. When, ou the application 
of the second force, an end of the former is deilectcd to the right, 
the same end of the latter is detleeted u> the left. When the 
position of equilibrium of the magnetic bar, under the joint action 
of the two forces, is from N.£. to S.W., then the position of 
eqiiiUbriam for the diamagnetic bar is invariably from N.W. to 
S.£. There is no exception to this antithesis, and I have been 
thus carefbl to wy the conditions of experiment in all possible 
wnyu, on aocount of the divergent reiiilte obtained by other 
inquirers. In his recent memoirs upon this snbjecty M. v. Fei- 
Utseh states that he has foand the deflection of diamagnetic 
bodies^ under the cireumstaneea here described, to be precisely 
the same as that of paramagnetic bodies : this result is of connie 
opposed to mine; but when it is lemmbered that the learned 
Oevman worked confessedly with the ''roughest apparatus/' and 
poswssed no means of eliminating the effects of structure, there 
seems litde difficulty in referring the discrepancy between us to 
ita proper cause. 

The same perfect antithesis will be observed in the case of the 
abnormal bars, on a comparison of Uie third and fourth columns. 
In all cases then, whether we apply the magnet singly, or the cur- 
rent singly, or the magnet and current combined, Sie deportment 
of the normal diamagnetic bar is opposed to that of the normal 
paramagnetic one, and the deportment of the abnormal paramag- 
netic bar is opposed to that of the abnormal diamagnetie one. 
But if we compare the normal paramagnetic with the abnormal 
diamagnetic bar, we aee that the deportment of the one is identical 
with that of the other*. The same identity of action is observed 
when the normal diamagnetie bar is compared with the abnormal 
paramagnetic one. The necessity of taking molecular structure 
into aoeount in experiments of tma nature could not, I think, be 
more strikinglv exhibited* 

For each of the bars, under the operation of the two forces, 
there is an oblique position of equilibrium ; on the application 

* Identical to the eve, but not to the mind. The notion aupearM to be 
entertained by lonie, that, by changing tnoteeular stractave, I had aetnallv 
c on f e r te d paramaCTetie tnbstanoet into cfiainagnetic oaeB» and trice vena* 

No such chAn<j^, however, can cnu^v the mass of a (liamajj^ictic body «'ii'<- 
pended by its centre of ^^ravity to be attracted, or the mm» of a jiaramag- 
netic body to be refdied. But hy a change of uiulecular structure, one of 
the forces may be to caused to apply itself that it shall present to the eye 
an the dtrteiwe phenomena exhibited by the other. — J. T., May 6, 1865. 
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of tiie seooiid force, the bar swings like a pendaltttn beyond this 
pocdtion, oscillates round it, and finally comes to rest tbeie. 

Hence, if before the application of the second force the b«r occupy 
the axial position, the deflection, when the second force is applied^ 
appears to be from the axis to the equator ; but if it first occnj^ 
the equatorial positioo, the deflection appears to be irom the 
equator to the axis. 

We have already shown that the repulsion of diamagnetu 
bodies is to be referred to a state of excitement induced by the 
magnet which acts upou them : it iias been long known that the 
attraction of paraiuagnctic bodies is due to the same cause. The 
experiments just described exhibit to us bars of both classes of 
bodies moving in the magnetic field: such motions occur in 
firtoe of the indnoed state of the body, and the rdation of that 
sCsate to the forces which act upon tiie maas. We have seen that 
in all cases the antithesis between both elasses of bodies is main- 
tained. Whatever, therefore, the state of the paramagnetic bar 
under magnetic excitement may be^ a precisely antithetieal state 
would produce all the phsBnomena of the diamagnetic bar. If the 
bar of iron be polar, a reverse polarity on the part of bismuth would 
prodnce the efieets observed. From this point of view all the 
movements of diamagnetic bodies become perfectly intelligible, 
and the experiments to be recorded in the next chapter are not 
calculated to diminish the probnbility of the conclusion that dia- 
magnetic bodies possess a polarity opposed to that of magnetic 
ones. 

The plwniiincna to which we have thus tar referred consist in 
the rotaiiuus of elongated bars about their axes of suspension. 
The same antithesis, however, presents itself when we compare 
the motion uflfaiuilalioa o{ a paramagnetic body, wilhiii the coil, 
with that of a diamagnetic one. A paramagnetic sphere was 
attached to the end of a honaontal beam and introdnoedinto the 
coil : the magnet being exeifced, the sphere could be made to 
traverse the space within the coil in varions directions, by pro- 
perly varying the current through the coil. A diamagnetic 
sphere waa submitted to the same eiaminatiow, and it waa found 
that the motions of both spheres, when operated on by the same 
forees, were always in opposite direetioiiB. 

V. Further Comparison of Paramagnetic and Diamag- 
netic PUyKNOMENA : DiAMAGNETIC FoLARITY. 

When an iron bar is plaerd within a helix, it is well known 
that on souliiiLr a current through the latter the bnr i? converted 
into a mai;:^nct, one cud of the bar thus excited bt inir attracted, and 
the other end repelled by the same magnetu pole. In this two- 
ness of action cousists what is called the polarity of the bar : we 
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will now oonuder whether a bar of bismuth exhibits similar 
efiects. 

Fig. 89 Plate IV. represents the disposition of the apparatus 
used in the examination of this question. AB is a helix of 

covered copper wire one-fifteenth of an inch in thickneas : the 
length of the helix is 5 inches, external diameter 5 inches, and 
internal diameter 1'5 inch. Within this helix a bar of bismuth 
6^ inches long and 0*4 of an inch thick was suspended. The 
suspen«;ion was effected by means of a light beam, from two 
points of whieh, snfficicntly distant from each other, depended 
two silver \vires cacii < :ulini2; m a loop: into these loops, //', the 
bar of bismuth was introduced, and the whole was suspended by 
a number of tibres of uuspuu siik from a suitable point of sup- 
port. Fig. 39 a is a side view of the arrangement used for the 
suspension of the bar. Before introducing the latter within the 
helix, it was first suspended in a receiver, which protected it from 
air currents, and in which it remained until the torsion of the 
fibre had exhausted itself: the bar was then removed, and the 
beam, without permitting the fibre to twist again, was placed 
over the helix so as to receiTe the bar introdaced through the 
latter. "From the ends of this helix two wires passed to a cur* 
rent reverser from which they proceeded further to the poles 
of a voltaic battery. CD and BF sie two electro-magnetic spnrals, 
each 12 inches long, 5^ inches external and 2 inches internal 
diameter. The wire composing them is one-tenth of an inch 
thick, and so coiled that the current could be sent through four 
wires simultaneously. Within these f?pirals were introduced two 
cores of soft iron 2 inche*; thick and 14 inches long : the ends 
of the cores appear at P ;iad P'. The spirals were so couuected 
together that the saiiu c urreut excited both, thus develo])ing the 
same magnetic strength in the poles P P'. From the ends of the 
spirals proceeded w ires to the current reverser 11', and thence to 
a second battery of consiiUrably less power than the former. 
By means of the reverser 11' the polarity of tlie cores could be 
changed ; P' could be converted from a south pole to a north 
polcj at the same tkne that P was converted from a north pole 
to a south pole. Lastly, by a change of the connexions between 
the two spirals, the cores could be so excited as to make the 
poles of the same quality, both north or both south. 

The diameter of the cylindrical space, within which the bis- 
muth bar was suspended, was such as to permit of a free play of 
the ends of the bar through the space of an inch and a half. 
Having seen that the bar swung without impediment, and that 
its n\U coincided as nearly as possible with the axis of the helix, 
a current from the battery was sent through the latter. The 
magnetism of the cures P and P' was then excited, and the action 
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upon the biftmnth bar obtervied. M. ?• Fdlitwh has attempted 
a Bimilar experiment to that here deacribed, bat without auooeas : 
when, however, snffieieot power is eombiDed with aufBeieot deli- 
cacy, the aoecew is complete, and the most perfect maatery ia 

obtained over the motious of the bar. 

The helix above deaeribed ia the one which I have found moat 
convenient for the experiments; variona other heUces, however, 
were tried with a reauU eqoatty certain, if less energetic. The 
one first made nae of was 4 inches long, 3 inches exterior dia- 
meter, and three-quarters of an incli interior diameter, with win* 
one-Hfteenth of an ineh in tliu kness, the bar being suspendrd 
by a tibre whieli passed through a sht in the hehx : sending 
through tins helix a current from a battery of 10 cells, and ex- 
citing the cores hy a current from 1 cell, the phaeuomeua of re- 
pulsion and attraction w ere exhibited with all desirable precision. 

I shall now proceed to describe the results obtaiiicd b> opera- 
ting in the manner described. The bismuth bar being suitably 
auspended, a current waa sent through the helix^ so that the 
direction of the current m the tqiper halfwwt. that indicated by 
the arrow in fig. 40, PI. IV. On exciting the magnet, ao that the 
pole N waa a north pole and the pole S a south pole, the enda of 
the bar of bismuth were repelled. The final position of the bar 
was against the side of the helix most remotetrom the magnets: 
it ia ahown by dots in the figure. 

Bv means of the reveraer B the current was now sent through 
the helix in the direction shown in fig. 41 : the bar prompSy 
left its position, crossed the space in which it could freely move, 
and came to rest as near the magnets as the side of the helix 
would permit it. Jt tvas rnf/nifrsf/i/ attrncfpd by thf mnr/vrfs. 

Permitting the cin-rent in the helix to How in the last direc- 
tion, the polarity of the cores of soit iiou was reversed : we had 
then the slate of things sk( ti lied in fig. 42 ; the bisiauth bar 
instantly loosed from the jjo.sition it fdi im i ly iKoupied, receded 
from the magnet, and took up liuully the position marked by 
the dots. 

After this new position had been attained, the current tiirough 
the hdiz waa reveraed : the bar promptly sailed acroaa the field 
towards the magnets, and finally came to rest in the dotted 
position, fig. 48. In all theae casea, when the bar was freely 

moving in any direction, under the operation of the forces acting 
upon it, the reversion either of the current in the helix or of the 
polarity of the corca arreated the motion ; approach waa converted 

into recession, and recession into approach. 

The ends of the helix in these experiments were not far from 
♦ he ends of the soft ii*on cores ; and it might therefore be sup- 
posed that the action was due to some modilicatioD of the cores 
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by the helii, or of the helix by the cores. It is manifest that 
the magnets can have no permaneni effect upon the hehx ; the 
cturrent through the latter, measured by a tangent galvanometer, 
is just as strong when the cores are excited as when they are 
nnezcited. The helix may certainly have an effect upon the 
cores, and this effect is cither to enfeeble the magnetism of the 
cores or to strengthen it j but if the former, and the bar were 
the simple bismuth which it is when no current operates on it, 
the action, though weakened, wijuid slUi be repukhei and if the 
latter, the increase would simply augment the repulsion. The 
fact, however, of the ends of the bar being attracted, proves that 
the bar has been thrown into a peculiar condition by the current 
circulating in the surrounding coil. Changing the direction of 
the current in the coil, we find that the self-same magnetic 
forces which were formerly attractive arc now repulsive ; to pro- 
duce this effect the condition of the bar must have clianged with 
the chanp:r of the current ; or, in other words, the bar capable 
of acct'ptiiiL^ fifo different states of eiuutemeut, which depend 
upon thf (Iii i'ciion of the current. 

In order, however, to r( duce as far as possibh^ the action of 
-the helix uji jii tlic coi\ s^ I repeated the experiments with the 
smali helix referred to lu lig. 0, ]>ai^e 27. It will l>e r( mt ijibcred 
that this helix i& but an inch in h iiprtli, nnd that the bisnmth bar 
is 6^ inches loni^. I i-emovrd tliu magnets further a|)art , so tliat 
the centres of the cores were halt an inch beyond tlic ends of the 
bismuth bar, while the helix encircled only an inch oi its central 
puiUuii : Hi thi^^ jiositiou, when the helix was excited, there was 
no appreciatjlc magrietism excited by it in tlie dormant cores; 
at least, if sueh were excited, it was unable to attract the small- 
est soft iron nail. Here then we had cores and helix sensibly 
independent of each other, but the })hajnomena appeared as 
before. The bar could be held by the cores against the side of 
the helix, with its ends only a quarter of an inch distant from 
the ends of the cores; on reversing cither current the ends 
instantly receded, but the recession could be stopped by again 
changing the direction of the current. With a tranquil atmo- 
sphere, and an arrangement ioi rc\ ( rsni^ the current without 
shock or motion, the bar obeyed in an admirable manner the will 
of the experimenter, and, under the operation of the same forces, 
exhibited all the deflections sketched in figs. 40, 41, 42 and 43. 

The motion of the bar cannot be referred to the action of 
induced currents. The bar was brought into the centre of the 
hollow cylinder in which it swung, and held there ; the forces 
were all in action, and therefore all phsenomena of induction 
passed; the arrangement of the forces being that shown in 
40, on releasing the bar it was driven from the cores, whereas 
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when the arrangemeot was that shown in %. 4tl, it was drawn 

towards them. 

But it <1 ( s not suffiriently express the facts to say that the 
bar is capuUk; of two ditferent states of excitement ; it must be 
atided^ that both istaUa exist sniiuitaucoubly in tlu; excited bar, 
yVe have already proved that the state necessary for the action 
of one pole is not that which eoablcs an opposite pole to prodnee 
the same action; hence, when the two ends of the oar are 
attracted or repelled, at the same time, by two opposite poles, it 
ia a proof that these two ends are in different states. Bnt if this 
be correct, we can test our conclusion by reversing one of the 
poles ; tlic direction of its force beiup thereby chauged, it ought 
to hold the other pole in check and prevent all motion in the 
bar. This is the case : if^ in any one of the instances cited, the 
polarity of either of the cores be altered; if the south be con- 
verted into a north, or the north into a south pole, thus making 
both poles of the same quality, the repulsion of the one is «o 
nearly balanced by the anraction of the other, that the bar 
remains without motion towards cither of tlicm. 

To carry the argument a step further, let us fix our attention 
for an instant upon tig. 10. The end of the bar nearest to the 
reader is repelled by a south pole; the same end ought to be 
attracted by a north pole. In like manner, the end of the bar 
most distant fiom the reader is repelled by a north pole, and 
hence the state of that cud ought to fit it for aUraction by a 
south pole. If, tberefore, our reuoning be correct, wben we 
place a north pole opposite to the lower end of the bar, and on 
the same side of it as the upper north pole^ and a south pole 
opposite the upper end of the bar and on the same side of it as 
the lower south pole, the simultaneous net ion of these four poles 
ought to be more prompt and energetic than when only two poles 
are used. This arrangement is shown in Plate V.; the two 
poles to the rigbt of the bismuth liar must be of the same naTrre, 
and the two to tlie left of the bar of the opposite quality. If 
those to ihv ri'^ht be both north, those to the left must be both 
south, and vice vcrsd. The current reverser for the magnets 
appears in front, that for the helix is hidden by the fiirurc. The 
above coneiusion is ijcrfi-etly verilied by experiments with this 
apparatus, and tlie t\^ < luld detiectiou of the bismuth bar is ex- 
hibited with reitiai kablc energy*. 

The bar used in these eases is far heavier than those commonly 

* These ex|)('riments, and shnost iCll the Others mcutionvd in this memoir, 

may be exliibiU'd in tlie lectiirc-rooni. Ry attat liiiig iiulexi s of wood to 
the Wars of hisinnth, aud protectinp: the iiiclexes from air ctirn'tits by frlsuw 
shades, the motiuns may be made visible to several hundreds at ouee. Sec 
a deacriptioii of a Polymagnet, Phil. Mag. June 1865. — J. T. 
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made use of in experiments on diamagnctism, bat the dimensions 
stated do not mark the practical limit of the aiie of the bar. A 
sdid bismnth cylinder, 14 inches long and 1 inch in diameter^ 
was suspended in a hdiz 5*7 inches long, 1*8 ineh internal dia- 
meter, 4 inches external diameteri and composed of copper wire 
O'l of an ineh in thickness : when a current of twenty cells was 
sent throoi^ the helix, and the magnets (only two of them were 
used) were excited by one cell, all the phtenomena exhibited by 
figs. 40j 41, 42 and 43, were distinctly exhibited. 

A considerable difference is always necessary between the 
atrengdi of the current passing through the helix and that which 
excites the cores, so as to prevent the induction of the cores, 
which of itself would be followed by repulsion, from neutralising, 
or perhaps inverting, the induction of the helix. When two 
magnets were used and the helix was excited by ten cells, I found 
the magnetic excitement by one or two cells to be most advan- 
tageous ; when the cores were excited by ten, or even five cells, 
the action was alwi^s repulsive*. When four magnets were 
applied and the helix was excited by a battery of ten or fiflteen 
cells, a power of five cells for the magnets was found efficient. 

The deportment of paramagnetic bodies is so well known, that 
it might be left to the reader to discern that in all the cases 
described it is perfectly antithetical to that of the diamagnetic 
body. I have nevertheless thought it worth while to make the 
corresponding experiments with an iron bar; to facilitate com- 
parison, the results are placed side by side in Plate IV. with those 
obtained with the bar of bismuth. It must be left to the reader 
to decide whether throughout this inquiry the path of strict in- 
ductive reasoning has been adhered to : d this be the case, then 
the inferenee appears unavoidable, that the di€magnetic force 
is a polar force, the polarity of diamagnetic InnUes being opposed 
to that of paramagnetic ones under the same eonditiom of e^te- 

# 

* The perfect sitmianty of this deportmeuc tu that of mh iron under the 
istne circttsiftCaaeeB it evident. 

t I would i^sdly refer to M . Pliickcr's results in connexion widi diis sub- 
ject had I been successful in obtaining them ; I will here, however, intro- 
duce the deiMrriptiun of his most decisive experiment in bis own words. 
(See Scientific Memoirs, New Scr. p. S^.) 

*'Jhom eonsidentions of which we shall speak afterwards, it appeared 
to me probable that bismuth not only assumes polarity in the vkim^ of a 
magnetic polv, but that it also ri tains the polarity fur -^nmc time after the 
excitation has tal^cn place ; or, in other wonU. that bisiuutli rctHiiis a |K)r- 
tion of iu magnetism |>eruiaucutly, a« steel* uuiikc soft iron, retams a portion 
of the magnetism ejtcited in it by induction. My conjecture has been cor> 
roborated by experiment. 

*' I luiug a bar of bisniutb, niiUims lougaml nnllims. tliick. betuccn 
the pointc^d poles uf the hu-gi; dectro*magnet ; it was sus|}cnded horizon* 
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VI. Concluding Obsekvations : on M. Weber's Thkory of 

DiAMAUNETiC PoLARITY'i'^ AND ON Alifi^ftJE's TU£OliY OF 
MOLECULAH Cu&a£NT8. 

It is well known that a voltaic curfent eierts an afttnetm 

force upon a second current, flowing in the same direetkm ; and 
that when the directions are opposed, to each other the force 

exerted is a repulsive one. By coiling wires into spirals, Ampere 
was enabled to riinke them j)roduce a]! the pha?noinena of attrac- 
tion and repulsion cxijibited by niai^iu ts, and fi-om this it was 
but a step to iiis celebrated theory ui molecular currcTits. lie 
supposed the ni()l( c iilc> of a magnetic body to be surruiindt d by 
such currents^ wiiicli^ iiowever^ in the natural state of the body 

tally fnm a double coeoon-thfead, Hg. I . The distance between the pointa 
was diminished until the bar p- ^ 

ccjnid ban Iv swinp freely In - -■ 
tween them. A httle ix>d uf 
glass was brought near to oue 
of the {mints, so that bia* 
muth bar, before the magnetism 
wascxeited.nn(^ in consequence 
of the torsion, leaned against the glass rod. On exciting the nuiguct by a 
eunrent of Huee of Grove's elements^ the bismuth, prevented fimn aswimmg 
the equatorial poaition» {iressed more fbtdibly agamat tlie glass rod ; when 
the cnrrcnt was interrupted, the bnr remained still in contact with the rod, 
uiuic Its free end vibrated rouud its )H>sition of equilibrium. The current 
was closed anew and then reversed b^ a ^otrope. In consequence of this 
reversion, the bar of bismuth, loosening from the glass rod, moved towards 
tlip position, but soon turned and prts>ci1 a^'uiiist tlie glass as before, 
or in some cases having passed (\\\\tv tliion^di tlic axiai j>osition was driven 

round with the reversed ends into the equutonai This expenmeut, 

whidi waa made with some eaie, proves thai the biamutfa leqoiica time te 
reverse its polarity." 

1 have repented this cxjteriment with great care, and have obtained in 
port the effect described : it is jierfcctly easy to produce the rotation of the 
bar. The eanae of tliia rotation, however, waa in my eaae as followa 
When the magnet was unexdted, the position of equiUbrium of the axis of 
rlH» bar aeted upon by the torsion of t!i«> fdjre was that show n by the dot- 
ted line in the tlgure j when the magnetism was developed, tlic repulsive 
force acting on the free end of the bar necessarily pusoed it beyond the 
dotted line—an action which was pcrfeetly evident when the attention was 
directed towards it. On revcrsitii^ the current, r\ littlo time wn*? required 
to change the polarity of the iron masses; dnrini^' tins tinic the tree cud of 
the bismuth full towaids its former |K)8itioii, and the velucity ttequired.was 
anflkieni to carry it qiute b^ond the pole points. The onfy di flfei cn ee 
between M. Pliicker and myself is, that I obtained the same result by 
siniplv ifftercfftthif/ the current as by reversin;? it. I may reinark that I 
have suhmau.-d ortiiiiar)' bismuth to the most |>uwcrful and dehcate tests, 
but as yet I have never been able to detect in it a trace of tiiat retentive 
power ascribed to it by M. Pliicker. 

* FoggerulorfT's Anna fen, vol. Ixxxvii. p. 146, and Taylor'a 
Memoirs, New 8er. p. 1 (x3. 



Digitized by Google 



BaJm an reptUed from the Polm of a MognH. 275 

Tiiuliially neutralized each other, on account of their confused 
grDiipinsr. The net of magnetieation he supposed to coDbist in 
setting these mulLcular cuiTcnts parallel to each other; and 
starting from this principle^ he reduced all the phsenomena of 
magnetism to the mutual action of electric currents. 

If we reflect upon the experiments recorded in the foregoing 
j)ages from first to last; on the inversion of magnecrystallic 
phenomena by the substitution of a magnetic constituent for a 
diamapnetic ; on the analogy of the effects ])roducedin magnetic 
iiiul diain:iLi:ii( tic bodies by compression; on the antithesis of the 
rotating actions described nmr the commencement ; on the in- 
dubitable fact that diamagnctic bodies, like magnetic ones, owe 
their phacnomena to an induced condition into which they are 
thrown by the influencing magnet, and the intensity of which is 
a fanction of the magnetic strength ; on the circumstance that 
this excitation, like that of soft iron, is of a dual character ; on 
the numeroos additional experiments which have been recoided, 
all tending to flkow tlie perfect antithesis betwera the two daaaea 
of bodies ;-^we can bardlv fafl to be oonnneed that Mr. Fatada^s 
first hypothesit of diamagnetic action is the true one— that dia- 
magnetie bodies operated on by magnetic forces possess a polarity 

the same in kind as^ bnt the reverse in direction of that acquired 
by magnetic bodies/' Bat if this be the case, how are we to 
conceive of the physical mechanism of this polarity ? According to 
Conlomb's and Poisson's theory^ the act of magnetisation con- 
sists in the decomposition of a neutral magnetic fluid ; the north 
pole of a magnet, for example, possesses an attraction for the 
south fluid of a piece of soft iron submitted to its influence, 
draws the said flmd towards it, and with it the material partidea 
with which the fluid is associated. To account for diamagnetic 
phtenomena this theory seems to fail altogether : according to it, 
indeed, the oft-used phrase, 'a north pole exciting a north pole, 
and a south pole a south nole,' involves a oontra£ction. For if 
the north fluid be supposed to be attracted towards the influencing 
north pole, it is absurd to suppose that its presence there could 
produce reptdnon* The theory of Amp^ is equally at a loss to 
explain diamagnetic action ; mr if we suppose the particles of 
bismuth surrounded by molecular currents, then according to all 
that is known of electro-dynamic laws, these currents would set . 
themselves parallel to^ and in the same direction as those of the 
magnet, and hence attraction, and not repulsion, would be the 
result. The fact, however, of this not being the case proves that 
these molecular currents arc not the mechanism by which dia- 
magnetic induction is effected. The consciousness of this, 1 
doubt not, drove M» Weber to the assumption that the phmo- 
mcna of diamagnettsm are produced by molecular currents, not 
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directed, but aetaally excited in the bismuth by the magnel. 
Such induced currents woold^ according to known laws, have a 

direction opposed to those of the inducing magnet» and hence 
would produce the phenomena of repulsion. To carry out the 
as'suiiiption hern made, iVT. Weber i'r obliLT'd to suppose that the 
moleculca ot LliiunagiK t ic bodies arc surrouiuli'd by channels, iu 
which the induced molecular currenta^ once eiLcited, continue to 
How without resistance. 

This theory, notwilhatauding its great beauty, is so extremely 
artificial, that I imagine the general convict n»n of its truth can- 
not be very strong; but there is one conclusiuii iiuwiiig iium it 
which appears to me to be iu direct opposition to experimcutai 
facts. iJic condnaion is, ^' that the magnetism of two iron par- 
tidet M tke Une of nu^fnHtMoHan i$ inaretmi by their ree^roeal 
aeiims but thai, on the emUrary, the dkmu^metkm af two h itmut k 
parOeke lying m thie directum it ^UmmMed by their redproeti 
action." The red^roeal action d the |Muctieka vanes inversely 
as the eabe uf the dUtanoe between them : at a distance expressed 
by the number 1, for example, the enfeehlement is eight times 
what it would be at the distance 2. 

The conclasum, as Kgaids the iron, is undoubtedly correct ; 
but 1 believe experiment proves that the mutual action of dia- 
magnetic nioleeulcs, when caused to a]>proach each other, tn- 
crpffs^t's their repulsive action. 1 have liad massive iron moulds 
made ami eoated with coj)|»er by the voltaic cuncnt ; into these 
fine bismuth pow der has beeu introduced and sul»iiutted to pow- 
erful hydraulic jn t ssurc. No sensible fact can, 1 th ink, be more 
certain, than that the particles of this dust are brought into 
closer proximity along the line in whu ii the pressure is exerted, 
and this is the line of strongest diamagnetization. If a portion 
of the compressed mass be pkoed npon the end of a torsion 
beam and the amount of repulsion measnred^ it will be finud 
that the repulsion is a maximum when the line of magnetiiatioii 
coincides with the line of conqiressbn ; or, in other words, with 
that line in which the partick» are packed most dosely together : 
if the bismuth were fixed, and the magnet moveable, the formor 
would repel the latter with a maximum fon^ with the line of 
compression parallel to the direction of magnetization : it is a 
atronger dinmagnet in this direction than in any other. Cubes 
of bismuth, which, in virtue of their crystallization, possessed a 
line of mininniin mnirnetization, have been placed m those moulds 
and pressed closely tnLrrthcr in the direction of tlie said line: 
the approximation ot (he particles thus effected has converted 
the direction spoken of from one of minimum into one of max- 
imum magnetization. It would be difficult for mc to say how 
many diamaguctic bodies I have subuuttcd to com])ression, some 



Bodiet are rqfeiiedfirom ike Poka of a Magnet* 277 

massive, some in a state of powder, but in no single instance 
Have I discovered an exception to the law that the line of com- 
pression of porelj diamagnetic bodies is the line of strcmgest 
diamagnetijtation. The appranmaAion of diamagnetb pertieles 
ia thflvefore aoeompanied by an augmentation of their power, 
instead <tf a diminntioii of it, as snppoeed by the theory of M* 
Weber. 

Anjr hypotheeis which involTee the idea of tiie diminntaon of 
the diamagnetie action of a body by the approadmation of its 
partides, is, I believe^ opposed to facte. Sndi a hypothens 
musty I imagine, form the basis of the following remark of Prof. 
W. lliomson : — ^referring to ''a thin bar or needle of a diamag* 
netic snbstanoe/' he says, " each a needle has no tenden^ to 
arrange itself across the lines of magnetic force; bat, as will be 
aliown in a fatnre paper, if it be very small compared with the 
dimensions snd distance of the magnet, the direction it will 
aaanme, when allowed to torn freelv round its centre of g|ravity, 
will be that of the lines of force*/' I have not found in any 
of the subsequent numbers of the Phikaopbical Magazine the 
proof here promisedf. But I doubt not the oonduskm involves 
the assumption that the mutual action of diamagnetic partidea 
is to weaken each other, and hence to produce a more feeble mag- 
natiEation along a thin diamagnetic bar than acrotyit^-en assump- 
tion which, as ahtcady shown, is contradicted by eiperiment. 



in all its beanngs, without being deeply impressed with the feel- 
ing that we know absolutely nc^ing of the physical causes of 
magnetic action. We find the magnetic force producing^ by 
processes which are evidently similar, two great classes of effects. 
We lunre a certain number of bodies which are attracted by the 
magnet, and a far greater number which are repelled by the 
same agent. Supposing these facts to have been known to 
Ampere, would he haye satisfied his profound mind by founding 
a theory which accounts for only the smaller portion of them ? 
This theory is admirable as far as it goeSy but the generalization 
is yet to come which shall show the true relationship of phseno- 
mena, towards whose connexion the theory of Amp^ fuxnidies 
at present no apparent due* 

Koyd Iiistiftiiftkni» Oeloher 1864. 



* Phil. Mag. vol. xxxvii. p. 244. 

t This remark appears to luivc indticptl Mr. Thomson to publish the 
pruof ri-ferreil to in the last Number of the Philosophical Magazine. The 
arguments there brought fomard have been loos familiar to mc, but I 
regret to say that I cannot attach much real viuuc to them. At some 
liitiin day I hope to be able to justify the iceplidim which I here venture 
to express.— J. T,, May 5, 185d. 
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Note on M. Matteucci's Objeetumi* 

The foregoing: memoir was on the point of leaving my hands 
for the Royal Society, when accident, backed by the kindness of 
Mr. Faraday, placed the Cows Special M. Matteucci, recently 
published in Paris, in my hands. Au evening's perusal of this 
valuable work induces me to append the following remarks to 
the present paper. 

M. Matteucci honours the researches whicli bear my name, 
and those which I published in connexion with M. Knoblauch, 
with a considerable share of his attention. He corroboratcji all 
the expenmental UxiM, bat at the conclasioa states three objcc- 
tioiif ta die manner in which theie laeta haie been explained. 
" La fwmf* writea the learned Italian, avee laqnelle ka idte 
de HM. Tyndall et Knohlanch ont M aeeneiUiea m'impoaeBt le 
devoir de ne paa Tona laiaaer ignofer lea objections qui i^^l^vent 
eontre eUea. La premite oonsiste dans la diiKSrence tres-grande 
et constant dans la force qui fait oaeiller entie ka poles un 
aigniUe de biamnth criataUia^, suivant que ses clivagea parall^lea 
^ sa longueur sont suspendus verticakment ou dans un plan hori- 
Eontal : cette difference me parait inconciliable avec le r^ultat 
dej?i rapporte de Fexperience de M. Tyndall, sur lequel se fonde 
Pcxplication des phenomenea magneto-cristallisea. Mais une 
objection encore plus grave est celle du mouvcment ^'attraction* 
vers les poles qui se manifeste dans Ics prismes de bismuth cri- 
stallis^ dout les clivages sont perpcndiculaircs k leur longueur. 
Pour rendre la consequence de cette deinicre experience encore 
plus evidente, j'ai fixe deux cubes de bismuth, qui ont deux faces 
opposees naturelles et paralleles aux plans de clivage, aux extre- 
mites d'un petit leWer de rme, on oe sulphate de chaux, sus- 
pendu par nn fil de oocon an milien dn ehunp magnetique entre 
lea extrandt^ polaires d'on _ 
electro- aimant (fig. 27a) ; 
loraaoe ka deux cubes ont 
ka divagea verticaux et per- 
pendiculairea k k longueur 
k Paiguille, au moment ou le 
circuit est ferm^^ Paignille 
eat attir^, quelle que ioU la 
position qu'elle occupe dans 
le champ magnetique, et se 
fixe en cquiUbre dans la 

lignc polaire II me 

semble impossible d'expli- 

* Thu is in realibr not n 'raovcment of oflrae/Mm/ 
the prcseat paper.— J. T., May 1855. 
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quer ces mouvemento da bismath crbtanis^, comme on a essay^ 
de k faire^ par la force repakiTe de raimant, c^ui^ saifant Fexpe- 

s'eieroe svec plus d^intennt^ parallele- 
meitfc anx divagea que dana la directaon perpendienlaiie i ees 
plana. 

''Remarquona encore qu'on ne tnmve pas conitamment I'aecord 
qui deviait exister> selon les idte de MM. Tyndall et Knoblaudij 
entre les ph^nomi^iies magneto-cristallis^ et les effets produits 
par la eompfession dans le bismuth^ si Pon considi^ ces plans 
de divafies et la ligne snivant laqnelle la compression a en lien 
comme jonissant des mdjne propriMst*'' 

With regard to tbe first objeetion, I may say that it is ex- 
tremely difficult to meet one ao put ; it is simply an opinion^ and 
I can scaieely say more than that mine doea not coincide with 
it. I would gladly enter upon the subject and endeavour to 
give the objection a scientific form weie the necessary time at 
my disposal, but this^ I regret to say^ is not the case 8^ present. 
I shaU moreOTCr be better pleased to deal with the objection 
alter it has assumed a more definite form in the hands of its 
piopoaer^for I entertain no doubt that it is capable of a sufficient 
answer. The second objection M. Matteueei considers to be a 
more grave one. The facts are as follows : — the repulsion of a 
mass of crystalliaed bismuth depends upon the direction in which 
the mass is magnetized. When the magnetizing force acta in a 
certain directicmi the intenaity of magnetisation, and the conse- 
quent repulsion of the mass, is a maximum, lliis is proved by 
placing tne mass upon the end of a torsion beam and bringing 
its several directions successively into the line of the magnetic 
force. Foisson would have called such a direction through the 
maaa a principal axis of magnetic induction^ and I have else- 
where called it a line of elective polarity. When a sphere or 
cube of bismuth is freely suipendea in the magnetic field, with 
the direction referred to horuontal^ in all positions exeept two 
the forces acting on the maas tend to turn it ; those positions 
are, when the line of maiimum magnetisation is axial and when 
it is equatorial, the former being a position of unstable, and the 
latter a position of stable equilibrium. When the above line ia 
oblique to the direction of magnetization, the sphere or cube will 
turn round its axis of suspension until the direction referred to 
has set itself at right angles to the line joining the poles. Now 
if the direction of maximum magnetization be transverse to an 
elongated mass of bismuth, such a mass must, when the said 
direction recedes to the equator, set its length from pole to pole. 

* This WM first proved by Mr. Faraday.— J. T, 
t Comr$ $p4cial wr ^mdm^iam, p. 266. 
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The faets obaen'cd by M. Matteueci teem to me to be a nopie 

corroboration of this ucdaction*. 

The third objection is directed against an imaginary caae, 
Pen eonfddere les plans de ehvage et la ligne de ocNnpreasioi] 
comme jouissant d» m^me propriit^.^' It must be evident thit 
a crystal like bismuth, powciiiBg a nnmber of cleamges of uo- 
eqnnl \ u1ues; cannot be compared in all leipeeto with a body 
which has suffered preaaore m me direeHom only, i haie no 
doubt whaterer, that, by a proper applicatkm of force in differ- 
ent directions, a comprised mass might be caused to imitate to 
perfection every one of the actions exhibited by crystallized bis- 
muth. Indeed I would go further, and say, that I shall be 
happy to undertake to reproduce, with bismuth powder, tbe 
deportment of any diamagnetic cryatal whatefcr that M. Mi^ 
teucci may think proper to name. 

In looking further over M. Mntteucci's instmrtivc book, 1 
find another point olhidcd to in a manner wbicli tempts mc U» 
iiiakr a few remarks m ;uiticipation of a fuller rx^nninatioii of the 
subject. The pomt refers to the reriprocal action of the particles 
of niaiTTiPtic and diamagnotic bodies. It is easy to see, thnt ji 
the attraction of a l)ar of iron varies simply as the number of 
the particles attracted, then, ina!?muc]i ns the weiirht of thrl^ndv 
vanus in the same ratio, and the moment of mcrtia as the weight, 
the times of oscillation of two masses of the same length, but 
possessing different numbers of attracting particles, must bo the 
same. Coulomb liidrt d mixed iron tilings with wax, so as to 
remove the particles out of the sphere of their mutual mdvictivp 
action, and ])ro\ cd thnt when needles of cqnnl lengths, but oi 
different diainclirai, were foriMcd from the same mixture, the 
duration of an oscdlation was the same for all. From this he 
inferred that the attractive force is simplv proporti(»ual to the 
number of ferruginous particles ; but tins could not be the case 
if these particles exerted any sensible reciprocal action, either 
tending to augment or diminish the induction due to the direct 
action of the magnet. On accoimt of such a mutual action, two 
bars of soft iron, of the same length, and of different diameters^ 
have not the same time of oscillation. 

In exaniinmg the question whether the particles of diamag- 
netic bodies exert a similar reciprocal action, M. Matteueci fills 
uills of the leuirth^ and uf ddfcrcnt diameters, with pow- 
ered bismuth, and lind^s that there is no difference between the 
duration of an oscillation of the thick ones and the slender ones; 
from this he infers that there can be no reciprocal action amoii^ 
the particles of the biaiuuth. 

* For A more comnlete examinatioa of tbk ftufe»)ect tee the Appeodii to 
this paper. — J. T., May 1855. 
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" Now it is not to be iinagiiicd that even in Coulomb's experi- 
ments with the iron filings the molecnlar iiiductio}i was iibsn- 
lutcly nothin«^, but simply that it was so enfeebled by the sepa- 
ration the particles that it was insensible in the experiments. 
This remark applies with still greater force to M. Matteucci^s 
experiments with the bismuth powder; for the cufecblement of 
a force already so weak, by the division of the diamagnetic mass 
iiito powdi ij must of cour.sc practically extinguish all reciprocal 
action of tlic particles, even supposing a weak action of the kind 
to exist when the mass is com])act. 

I will ritjt lifrc refer to my own expcriiucuts oa compressed 
bismuth, but will take a result arrived at by M. Mattcucci him- 
self while repeating and curroborating these experiments. "I 
ijiade," says M. Mattcucci, "two cylinders of bismuth precisely 
of the samu dimcnsionb, the one eumpressed, the other in its 
natural state, and found that the compressed mass had a diamag* 
nctic power distincflij superior to that of natural bismuth*." 
Now M. Mattcucci, in his Cours Special, has nuule his own 
cliuice of a test of reciprocal uiolecular action ; lie assumes tliat 
if cylinders of the same length, but of different inasses^ have 
equal tiuies of oscillation, it is a conclusive proof that there is no 
action of the kiiul referred to. This nccessarilv implies the 
assumption, thai were the times of oscillation dijj'erenl, a reci- 
procal action would be demonstrated. Now, according to his 
experiments described in the Association Report, the times of 
oscillation arc different ; the diamaguetism of the com])rcsscd 
cylinder is distinctly suprrior^' to that of the uncompressed 
one; the diamaf/nefic effect increases in a greater proportion than 
the quantity of mailer ; aud hence, on M. Matteucci's own prin- 
ciples, the result neeratived by his experiments on powdered bis- 
muth is fairly established by those which he haa made with the 
compre&bcd substance. 

APPSNDIxf* 

Reflect iriLc further un the subject of diamagnetic polarity, an 
experimcTit (jccurred to me which constitutes a kind of crucial 
test to which t he conclusions ariived at ui the foregoing memoir 
may be subuiitted. 

Twtj square prisma of bismuth, 0'43 of an inch long and 0*2 
of an inch wide, were laid across the ends of a thin plate of cedar 
wood, and fastened there by white wax. Another similar plate 
of wood was laid over the prisms^ and also attached to them by 

* j>ort of British Assoriation for 1852j Transactions of Sections, p. 7. 

t lleccived December 21, 1854, 

Phil. Mag. S. 4. Vol 10. No. 66. Oct. 1855. U 
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wax ; a kind of rectangular box was thus fonned^ 1 ineh long 

and of the same width as the length of the -p. _ 
prisms^ the ends of the box being formed by * 
m pcifnuy while ita udes were open . Both 
plates of wAod were pierced tlurough at the 
eentre, and in the aperture thut formed a 
wooden pin was fixed, which could readily 
be attached to a suspendirj? fibre. Ficr. 1 
represents the arrangement both in plan and 
section. 

The pn^ms first chosen were produrecl hv the eornpressiou of 
fine bismuth pu\N (ler, vvitlioutthe admixture of tcunior anv other 
foreign ingredient, the compressed mass being perfectly compact 
and preseutiug a surface of metallic brilliancy. If such a mass 
be placed on the end of a torsion balance aud a magnetic pole is 
broiiirht to bear ujjuu it, 1 have proved the repulsion to be max- 
imnin when the direction in which the mass has been coni])ressed 
is in the continuation of the axis of the magnet. A comparative 
view of the repolsiim in this direction, and in another perpendi* 
coUr to it^ is given in the following Table :— 

CompreBsed bismuth powder. 

Repolnon. 

, , * ^ 

Strength of magnet. Line of pressure axiat lane of pcssure eqnatoriiL 
5-8 22 13 

8-4 46 31 

100 67 46 

11-9 08 67 

We sec here that the repulsion^ when thfe line of pressure is 

axial, exceeds what occurs when the same line is equatorial by 
fully one-half the amount of the latter. Now this can only be 
due to the more intense magnetization, or rather diamagnetiza- 
tion, of the bismuth along the line (if prcssiu*c ; and in the expe- 
riment now to be described I availed myself of this fact to render 
the effect more decided. 

The prisms of bisnmth were so constructed that the line of 
pressure was parallel to the length of each. The rectaugidar 
box before referred to was suspended lV<un its centre of gravity 
O in the iiiaijiictie held, so that the two prisms were in the same 
horizontal plane. Let the position of the box thus suspended 
horizontally be that shown in 6g. 2. For the sake of simphcity, 
we will confine oar attention to the action of one of the poles 
which majy be either flat or ronnded, upon the prism hj adjacent 
to it^ as mdeed all the phenomena to be described can be pro- 
duced before a single pole. The direction of the foioe emana- 
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ting from N is i e])re- 
pented by tlie arrows ; 
and if this force be 
purely repulsive, the ac- 
tion upon every single 
particle of the diamag- 
netic mass furnishes 
a moment which, in 
the position here as- 
sumed, tends to turn 
the rectangular box in 
the direction marked 
by the aii'inv. It IS 
pei*fectl} impossible 
that such a system of 

forces could cause the box to turn in a direction opposed to the 
arrow ; yet .this is the precise direction in which the box turns 
when the magnetic force is developed. 

Here, then, wc have a mechanical effect which is perfectly 
inexplicable on the supposition that the diamaguetic force is 
purely repnlsive. But if the ooncluBions arrived at in the fore- 
going memoir be correct, if the diamagnetic force be a polar 
force, then we mnst assume that attraction and repulsion are 
developed simultaneously, as in the case of ordinary magnetic 
phsenomena. Let us examine how this assumption will affect 
the analysis of the experiment before us. 

The marked end of a magnetic needle is pulled towards the 
north magnetic pole of the earth ; aud yet, if the needle be 
caused to float upon a liquid, there is no motion of its mass 
towards the terrestrial pole referred to. The reason of this is 
known to be, that the south end of the needle is repelled by a 
force equal to that by which the north, or marked end, is at- 
tracted. These two equal and opposite forces destroy each other 
as regards a motion of tramlation, but they are effective in ])ro- 
dttcing a motion of rotation. The magnetic needle, indeed, when 
in a position oblitiuc to the plane of the magnetic meridian, is 
solicited towards that plane by a 3, 
mechanical couple, and if free to 
move, will turn and find its position 
of equilibrium there. 

I^etsuch a needle,/i^,be attached, 
aa in fig. 3, to the end of a light 
wooden beam, vwi let the beam 
and needle be suspended horizon- 
tally from the point a, round which 
the whole system is free to turn, 
the weight of the needle being ba- 
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lanced by a suitable counterpoise, w ; let the north pole of the 
earth be towards N. Supposing the beam to oecapy a positiaa 
oblique to the magnetic merididn, as in the figure, the endy^ er 
the marked end, of the needle ii aolidted tomda N by a foree 
6, and the tendency of thia force to prodnce rotation in the 
oirection of die amw ia expressed by the prodoet of ^ into the 
perpendicular drawn from the aiia of rotation upon the diiee* 
tion of the force. Setting thia distance we have the mo- 
ment of ^ in the direction atat^j 

The end k of the needle is repelled by the earth'a magnetie pole 
with a force ^ : calling the distance of the direction of this latter 
force from the axis of rotation tP, we have the moment of ^ in 
a direction opposed to the arrow. 

Now as the length of the needle may be considered a Tanishing 
quantity, aa compared with ita diatanee from the teneatrial pole^ 
we ha?e practically 

and eonaeqnently 

The tendency to turn the lever in a direction opposed to the 
arrf3\v is therefore predominant; the lever will obey this ten- 
dency, and move until the needle finds itself in the magnetic 
meridian: when thia position ia attained, the predominance 
spoken of evidently ceaaea, and the ^ratem will be in eqoili* 
brium. Experiment perfectly oomboratea thia theoretic dedoe- 
tion. 

In thia caae, the centre of gravity of the needle recedea from 
the north magnetic pole as if it were repelled by the latter j but 
it ia evident ^at the receaaion ia not due either to the attraction 
or repulsion of the needle considered as a whole, but aimf^ to 
the mechanical advantage poeseaacd by the force ^, on account 
of ita greater diatanee from the asis of rotation* If the force 
acting upon every particle of the needle were purely 9tirmciwe, 
it is evident that no such recession could take place. Supposing^ 
then, that wr were simply acqnaiiitcd witli tlie fact, that the end 
/of the needle is nttracted ))y tlic tenestrial pole, and that we 
were wholly iprnf>rant of tlic action of the said pole upon the otkI 
h, the experiuicut li< rc described would lead us infallibly to the 
conclusion that the end fi must be repelled. For if it were 
attracted, or even if it were neither attraeted nor repelled, the 
motion of tlic bar must be towards the pole instead of m the 
opposite daccUon. 



Let us apply this reasoning to the experiment with the bis- 
ixiuth prisms already described. The motion of the magnetic 
needle in the case referred to is not more inexplicable, on the 
a^iiumptioii of a purely attractive force, tlian is the motion of oui" 
rectangular box on the assumption of a jjurely repulsive one ; 
and if the above experiment would lead to the conclusion that 
tbc end h of the magnetic needle is repelled, the t xporiment 
with the bismuth leads et^ually to the conclusion that the < ih1/ 
oi the prism ///, fig. 2, niu.st be attracted by the pole .\. The 
assumption of such an attraction, or in other words, of diamag- 
netic polarity, is alone capable of explaining the effect, and the 
explanation which it offers is perfect. 

On the hypothesis of duun^fnetic polarity^ the prism hf turns 
a hostile ena A to the magnetic pole and a frioidly pole / 
away horn il. Let the lepwsiTe force acting upon Uie former 
be and the attractive force acting upon the latter It ia 
manifest that if ^ were equal to (A^, as in the case of the earth's 
action, or in other words, if the neld of force were perfectly uni- 
form, then, owing to the greater distance of ^ from the axis of 
rotation, from the moment at which the rectangular hex quits 
the equatorial position, which is one of unstable equilibrium, to 
the moment when its position is azial, the box wmild be inces- 
aantly drawn towards the nosition last referred to. 

But it will be retorted that the field of force is not uniform, 
and that the end A, on account of its greater proximity to the 
magnet, is more forcibly repelled than the end / is attracted : to 
this I would reply, that it is only in '^fields'' which are approxi- 
mately uniform that the effects can be produced \ but to produce 
motion towards the pole, it is not necessary that the field should 
be perfectly uniform : setting, as before, the distance of the direc- 
tion of the force ^ from the axis of rotation =«^, and that of the 
force ^aiii', a motion towards the pole N will alwaya occur 
whenever 

To ascertain the diminution of the force on receding from a 
polar surface such as that heie used, I suspended a prism of 
msmnth, similar to those contained in the rectangular box, at a 
distance of 0*9 of an inch from the surface of the pole. Here, 
under the action of the magnet excited by a current of ten cells, 
the number of oscillations accomplished m a second was 17; at 
0"7 of nn innh distant the number was IS; at 0*5 of an inch 
distant the nunibcr was 19 ; at 0*3 distant the nimiber was 19'5 ; 
and at 0*2 distant the mimbpr was 20. The forrcR at these 
respective distances being so very httie ditlerent irom each other. 
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it follows tbat a very sUglit deviatbn of the box from tiie csqoa- 
torial position is sumcient to give the moment of ^ a prepon- 
derance over that of and eonsequentlj to produce the exaot 
effect obeerved in the experiment. 

The eonsistency of this reasoning is still farther shown when 
we operate in a field of force which ^minishes speedily in inten- 
sity as we recede from the magnet. Such a field is the space 
immediately in front of pointed poles. Suspending our rectan* 
gular box between the points, and causing tlic latter to approach 
until the box has barely room to swing between them, it is im- 
possible to profliiff' the phacnomcna which wc have just described. 
The intensity with which the nearest pr-ints of the bismuth bar 
arc repelled so much exceeds the attraction of thv more distant 
end, that the moment of attraction is not able to cope success- 
fully with the moment of repulsion ; tlie bars are cousi (|ueiitly 
repelled en mmise, and the lenirtli of the box takes up a position 
at right angles to tlu line which unites the poles. 

It is manifest, h nvt vt r, that by increasing the distance be- 
tween the bismuth bar aiid the points acting upon it, we dimi- 
nish the difference of action upon the two cuds of the bar. AVhcu 
the distance is sufficient^ we can produce^ with the pointed poles^ 
all the phenomena exhibited between flat or rounded ones. 

All the effects which have been described are prodooed with 
great dbtinctnesfi when, instead of compressed bismuth, two 
similar bars of the cirstaHised suhstanoe are used, in which the 
planes of principal cleavage are }Mirallel to the length. Sndi 
bars arc not difficult to procure, and they ought to hang in the 
magnetic field with the planes of cleavage vertical. It is unne> 
cessary to describe the experiments made with such bars ; they 
exhibit with promptness and decision all the effects observed with 
the compressed bismuth* 

We have hitherto operated upon elongated masses of bismuth; 
but with the compressed substance, or with the substance cry- 
stallized uniformly in planes, as in the ease last referred to, an 
elongation of the mass is not necessary to the ]>rf)fluction of the 
effects described. Previous, however, to the demonstration of 
this j)ropo8ition, I shall introduce a kind of lemma, which will 
prepare the way for the complete prooi'. 

Diamagnetic bodies, like paramagnetic ones, vary considerably 
in the intensity of their furces. Bismuth or antimony, for ex- 
ample, exhibits the diamaguctie force with greater eneriry than 
gold or silver, just as iron or nickel exhibits the liiagneLic force 
with greater energy than platinum or chromium. Let two thin 
bars, ab, cd, fig. 4, of two bodies of different diamaguetic powers 
be placed at right angles to each other, so as to form a cross ; 
let the cross m attadbed to the end of a lever and suspended 
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hoiiiontally from the point a:, before the flat or rounded pole N 
of a magnet. Let the continuous line ah repreaent the needle 
of the powerful diamagnetic body, and tlie pj„ 4 
broken line cd that of the feeble one. On 
the foriMLT a nicclianical couple act.^ in the 
direction denoted by the arrows at its riuls; 
and on the latter a coujile nprrntes in the 
direction of the arrows at //.^ ( tuh. These 
two conples nre rvidontiv o])poscd to each 
other ; but the tbrmer benig, by hypothesis, 
the more j)owerful of the two, it will over- 
come the latter. The mechanieal advantage 
p(>a:ses8ed by the attracted end a oi the more 
powerful bar, on account of its greater di- 
stance from the axis ot suspension .r, will, in 
an approximately uniform fieUl of force wliieh 
we here assume, cause the centre of gravity 
of the cross to move towards the pole N. 

In the formation of such a cross, liowevcr, 
it is not necessary to resort to two tiiir* rent substances in order 
to find two needles of different diamagnetic powers; for in cry- 
stalli'/.t d bodies, or in bodies subjected to mechanical pressure, 
the dianiaGrnetic force acts with very different enerffies in differ- 
ent direeliuiis. Ix!t a mass of a (l:auiai;netie bodv which has 
been forcibly compressed in one dire ction be iiuai^iiu d ; let two 
needles be taken from such a mass, the one with its length 
parallel, and the other with its length perpendicular to the line 
of pressure. Two such needles, though composed of the same 
chemical substance, will behave exactly as the two bars of tbe 
csross in the experiment last described; tbat needle whose length 
coincides with the line of pressure will bear the same relation to 
the other that the needle of the powerfully diainagnetic substance 
bears to that of the feeble one. An inspection of the table at 
page 282 will show that this must be the case. 

It is also shown in the following table, that in masses of cry- 
stallized bismuth the diamagnetic repulsion acts with very differ- 
ent energies in different directions. Cubes were taken from a 
mass of bismuth with the planes of principal cleavage parallel 
throughout to two opposite faces of each cube. The cubes were 
placed upon the ends of a torsion balance, and the diamagnetic 
repulsion was accurately measured when the force acted parallel 
to the planes of cleavage. The cubes were then turned 90° 
round, and the repulsion was measured when the force acted 
perpendicular to the planes referred to. 
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Cubes of crystallised bismuth. 

Repulrioii when the fane wis dinetod 



btrcngth of magoet. along tbi' cleavage. acroM the clearaffe. 
8-6 117 8 
5-7 84-8 2S 
8-4 78 68 
100 111 76*5 
11-9 158 110 

It is manifest from this table that bismuth behaves as a body of 
considerably superior diamagnetic power when the £»m wto 
(Ubnp the planes of cleavage. 

Let two indefinitely thin needles be taken from such a mass, 
the one with its lenirth pRralh'l, and the other with its length 
per])endicuiar to the planes ot cieava|ic ; it is evident that il' two 
siicii lu ( dies be formed into a cross and subjected to experiment 
in the manner ab»n'e described, the former will act the ]>Rrt of 
the more powerfully diamagnetic needlei aud produce bimdar 
effects in the magnetic field. 

We now pass on to the demonstration of the prujjositiou, that 
it is not necessary that the crystallized masses should be elon- 
gated to produce the effects exhibited by the prisms in the ex- 
periments already re- «. . 
eorded. Let us suppose Jri^. o. 
tiie ends of our leot* 
angular box to be oom- 
posed of cubes, instead 
of elongated massea« 
of erystjUised bismath, 
and let the planes of 
principal cleavage be 
supposed to be parallel 
to the face ab, fig, 6, 
Let the continuous line 
de represent an indefi- 
nitely thin slice of the 
cube j)assing through 
its centre, and the dot- 
ted line a similar slice in a perpundieular direction. These 
two slices manifestly represent the ease of the cross in tiir 4; 
and were they alone active, tlie rectangular box, in n umlurm 
field of magnetic foi-ce, must turn in the direction of the arrow. 
Comparing similar slices in pairs on each side of those two cen- 
tral slices, it is manifest that everj'^ pair parallel to the line de 
represents a stronger mechameal couple than every correspoadiiig 
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pair parallel to fg. The consequence isj that a cube of erj^atal- 
lised bismuth suspended in the manner deacribed» in a sufficiently 
uniform field of magnetic force, will more in the same direction 
88 the cross in fig. 4 : its centre of gravity will therefore Ofproach 
thepolc N, which was to be demonstrated. 

This deduction is perfectly illustrated by experiment. It Is 
manifest that the effert of the pole S upon the cube adjat cnt to 
it is to increase the moment of rotation of the rectangular box ; 
the same reasoning applies to it as to tlic pole N". 

Referring to fig. 27 a ^ page 278, it will be seen that we have 
here dealt with the second and gravest objection of M. Matteucci^ 
and eonverted the facts upon which the objection is baaed into a 
proof of djaHiagnetic polai iiy, so cogent that it alone wonld seem 
to be sufficient to decide this important question. Holding the 
opinion entertained by M. Matteucci regarding the nature of 
mamagnetio foroe^^ his objection must have appeared to him to 
be abiolutdy xmansworable : I ahoold be glad to beliefe that the 
muurka contained in this Anpeudix funuahj in the estimation 
of the diatingaished philosopher lelBned to, a satisfoetory expLup 
nation of the difficulty whicn he haa diadosed. 

Let me, in conclusion, briefly direct the reader's attention to 
the bodjr (^evidence laid before him in the foregoing psgea. It 
has been proved that matter is i-epelled by the pole of a magnet 
in virtoe of an induced condition into which the matter is thrown 
hy such a pole. It is shown that the condition evoked by one 
pole is not that which is evoked by a pole of an opposite quality 
— that each pole excites a condition peculiar to itself. A perfect 
antithesis has been shown to exist between the deportment of 
paramagnetic and diamagnetic bodies wfu n acted on hy a mag- 
net alone, by an electric current alone, or by a mai^iiet and an 
elcctnc current combined. The peqdexing phaiiionu iui rt sulting 
from molecular structure have been laid oj)en, and ihu antithesis 
between paramagnetic and diamagnetic action traced tliioiighout. 
It is fiu tlit i siiuwii, that whatever title to polarity the deportment 
of a bar of soft iron, auiTOunded by an electric current, and acted 
on by other magnets, gives to this substance, a bar uf bisimith 
possesses precisely the same title ; the disposition of forces, which 
m the former case produces attraction, produces in the latter case 
repulsion, while the repulsion of the iron finds its exact comple> 
ment in die attraction of the bismuth. Finally, we have a ease 
adduced bv M. Matteucci which auggests a crucial experiment 
to which all our previous reasoning has been submitted, by which 
its accuracy has been proved, and the insufficiency of the assump- 

* "n ne peat exister dans lea oofps tfamagn^iques une pdsril^ telle 
qa^m la eoacott dane le fa imL*'^Coiir9 S^pMal, p. SOI. 
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tiou, that the diainagnctic force is not polar, is reduced to de- 
monstration. A\ hen we reiiicinbcr that against all this no single 
experimental fact or theoretic argument* which can in any de- 
gree be considered as conclusive, has ever been brought forwanl, 
nor do I believe can be brouglit forward, the conclusion &titim 
irii^i tibie, that \vc have in tlic agency by which bodies arc nv 
j)e!l( rl from the poles of a magnet, a force of the same dual 
clirraeter as that by which bodies are attracted; that, in short, 
'Sliainagnetic bodies possess a polarity the same in kind but the 
Oj)]»osite in direction to that possessed by magnetic ones/* 



XXXV. Experiments on some of the Compounds of Tin wiik 
Arsenic, By YiD, Haeffely of Mulhousef. 

BY pooriDg an exoeis of nitric acid into a solutioD of tlan^ 
nate of soda and arseniate of soda, in which the arseniat« 
predominates, and bringing this mixture to a atate of ebullition, 
a white gelatinous precipitate is produced, composed of arsenic 
actd^ peroxide of tin, and water; when washed and dried at the 
ordinary temperature, it forma transparent fragmenta. 

To analyse the above oompound, the delicate proceaa described 
by M. Levol| was employea, vis. placing within a glasa tube 
heated to rc<iUie88 100 parts in an anhydrous state, and passii^ 
through it a current of hydrogen, when the tin is left in the 
metallic form, and the arsenic sublimed in the tube. Time 
analyses gave,^ 

Tin . . • 45 46-3 46-21 

Arsenic . . 27*2 26*3 

* I ought perhaps to except an argument of FTofenor W. Thoiiiaoii% 
which piofeflses to prove tiiat nn ubsolttte creation c^fhree, and the wettiag 

up of a perpetual inntiMn, voul*! lolldw , if (lianin^rtiotir p<>^j<r?ty were cod- 
ceded. Wliilf txpressinp; my jwimiratuju ol tlu' ingemutv oi Mr. Thom^oTi's 
rcaaouiiig, it appears to iue tu laWiu- uudcr the tUsaUvaiitage of pru?in|; 
too much, his conclnrion heing eaually fatal to polarity of all kinds. The 
ar^tiinent, I believe, wim first publicly urged against myself at the BelfiHl 
Meeting of the liriiisli Assorintif^Ti ; but nt the Liverpool Meetiuglast \*ear 
Professor Thomson liimself Rilniutrd " tli it he hud mrt perfect contidcncc 
iu the truth of the couclufiiuii» ii& uuc uf the a&sumpUou^ ou whteb the 
reasomng was founded admitted of doubt."— See AthenKum> 1854, p. 1201. 
Tndee^ nom many <^ his published papers, it mi^t be inferred that Mr. 
Thomson actosUy fftfWNff^ what I, in the pieient raemoir> have sttcsftpted 
to prove. 

I refrain from uiiudiog to the negative result* obtained by Mr. Faiadaj 
in repeating H. Weber^s experiments; fbr though adminbhr raited to the 

exhibition of certain efieets of ordtnaiy induction, ^fr. Faraday himself has 

shown how unsuitnMo tlic ;(ppHrnfus employed modM Ix for t'le investis*- 
tion of the c|ueKtii )ii of duLmagaetic nohiritv. See Experimentai Heaeardiea 
(2053, 2654), vol. m. p. 143.— J. T., Miiy i), 18^. 

t Commnnicsted by the Author. 

X Aimaki de CHmie ei de Pkjftifue, 3 t4f* vol* vru 



I 

Digitized by Google 



the Compoundi ^ Tm with Arseme. 



291 



"By atldiiij; to these mnuhers the respective quantities of 
oxyircii rcc^uii'Cil for tlicii' maximum oxidation, we arrive at the 
formula — 

AsOHSSnO', 

which requires— 

Tin . • 44*52 Anente . * 28*31 

Dried in the stove at l^?ff C. the loss amounted to 25*3 per 
cent., correspoiidiiip: to 10 LHjmvalunts. 

The formation of an iusohible arsciiiatc of tin is notliing new 
of itself, for it has long been known tliat metalltudi(. aeidb form 
in -idublc iJiccipitatcs with certain insohdjlt' nirlalUc acid^j. I only 
point out the favuuici'ult' ciirumstanre by which a constant com- 
pound i.> Ibi ined, nanu ly, h\ taking care to operate witii an excess • 
of the metalloidie acid. Phosphoric acid in excess gives with 
peroxide of tin,— 

POS2SnO-f lOHO. 

M. Levolj 4n seeking for an easy method to aBcertain the 
quantity of arsenic in the metals and their alloys, operated in all 
his experiments with an excess of the metallic oxide, by which 
he obtained but imperfect precipitates of tin with arsenic (or 
antimony with arsenic). This led him to abandon the hope of 
determining this element by precipitation ; he says, "the increase 
of weight which arsenic acid obtains by its combination with hy- 
dratcd peroxide of tin (or antimony) did not appear to me a 
sufficient warrant for determining the arsenic from it in a 
rigorous analysis.'' 

M. Levors combining proportion varies from 1 of arsenie to 
16, and 20 of tin : biit^ipcrating under different circumstances, 
I am able to combine 12*72 of the metalloid with 20 of the metal. 
The above result may be applied in quantitative analysis, when 
a mere calculation will replace the delicate and somewhat com- 
plicated operation of M. Ticvol. I turned this formation of the 
constant compound As0^2SnO' to account in the analysis of 
the commercial stannates of soda, containing large admixtures of 
arseniate of soda. 

To a known wiii^ht of a conunorcial stannatc I add a knfnrn 
quantity (tf nrscniate of sodUf boil with an excess of nitric aCid, 
collect tho iTHoluble arseniate of tin AsO'' 2SnO''^, and from its 
weigiit caiculate the amount of arsenic acid and peroxide of tin. 

The liquid liltrates are treated with sulphuretted hydrogen, to 
throw down m sulphnret of arsenic the excess of arsenic arid 
added iii(( niionally. The amount of nrsenic acid found, and the 
amount added intentionally beinc? knowji, it wdl be easy to cal- 
culate the original quantity which the stanuatc contained. 



ExpmmmtB on some of the CompoimdM of Tin with Arseidc* 

DeetmpotUion of AbO* 28nO* 10HO. 

In presence of au excess of a fixed alkali (suda used) this arsc- 
uiute of tin is split into two diiiercnt soda salts, one of wiiich 
contains all the arsenic, and crystallizes at tirst in silky needles, 
while the mother-liquors consist of ordinary stauiiate of soda: 
the reaction takes place according to the equation — 

2(As0^2SnO^) + 9NaO=2(Afi0^6NaO,SnO«) + 3(SnO* ^^aO). 

This same salt is also obtained by lioiling 2 equivalents of ter- 
basic arseniate of soda with 1 equivalent of liydrated peroxide 
of tin. (When hydrate of alum ma is taken, an arseniate of alu- 
mina and soda is obtained.) To analyse the tin salt, I deter- 
mined each constituent by direct processes. 

A current of hot air dcpriired of its carbonic acid passed over 
100 parts of the salt, ga?e a loss of 48 per cent, of water. 

100 parts treated with an excess of boiling nitric acid gave 
18*95 parts of the insoluble arseniate of tin, AsO* 2SnO'^ oorre- 
sposdins to—* 

7-887 SnO»=2 equivs. 
G 0G3 As(y=leqni?. 

18*96 

100 parts acidulated with hydrochloric acid, treated with a 
current of sulphuretted hydrogen^ gave 41*5 parts of double 
sulphtifet of tin and arsenic. 

These two weights being asoertained, a mere ealenlatioo may 
be snbstitnted for the tedious opmtion of M. Levol, for it 'remains 
onlj to calculate the corresponding amount of double sulphuvets 
which 18*96 narts of arseniate of tin would form, to be ikdncted 
from the total amount of double sulphuret, 41*5> obtained; as 
follows I— 

18*95 of A80«2SnO>=15*825sA8S»2SnS<j 

and 15*825 AsS'' 2SnS- dcdueted from 41*5 double sulphureti 
leaves 2 5 • (i 7 5 u f A s S'^ = 1 9 • 05 A s 0*. 

By evaporating to di-ync-bS the hydrochiuiic acid lil urates, 1 get 
37 of chloride of sodium = li)-G soda. 

Beeapihiiatimi of ike Numhm. 

Bquivilent 

^ experiniait. Calculated. iium1>cr8. 
AsO^ . . »5*118 24-442 115 1 cq. 

SnO« . . 7*887 7-970 93 3 



••• 



NaO . . 19*6 19-766 87 5 ^ ... 

HO . . 48 47-822 225 26 

100-6^ 100000 470-6 
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The lonnnk of this salt ii therefore— < 

2(AsO^GISiiU SnO^) 50110. 

Stannate of toda is naed ts a mordant in print and dye worka* 
I have made numerout experiments on a large scale to decide 
whether in calico printing or dyei^g^ the hydraked peronde of 
tin alone would be preferable to an arseniate of peroxide of tin 
as a mordant. The result of oomparative trials leads me to give 
tbe preference to bydrated peroxide of tin alone, the vaiioaa 
Bliadea bein^ more brilliant and leas liable to unevenneas than 
when araente add is pxeaent* It would be desirable to substi- 
tute in commerce a purer stannate of soda for that at preaent 
sold, as wetQ as for that containing arseniate of soda. 

These experiments were made in the laboratory of Uannsan 
Slair^ Esq., near Manchester, who kindly afforded me every op- 
portunity for carrying out the aame* They have led at lesst to 
this practical fact, that the danger arimng from the employment 
of arseniates in stannates of soda may he obviated by the use of 
* a pore stannate of aoda alone. 



XXXVI» Improvments mi a Ikw-pahii Hygrmttet tatdy ie- 
setibed by the Author^, By Ftofessor CoNNBLLt* 

A FEW simple alterations have greatly facilitated tlie em- 
ployment of this instrument, and at the same time made 
it considerably less liable to injury. It consists, as will be recol- 
lected, of a little bottle of thin brass;, into which the bulb of a 
thermometer is introduced so as to fit air-tight, and the ik ck of 
which IS attached laterally to a small exhausting syringe. iEther 
having been previously introduced into the bottle, the tempera- 
ture is by a gradual process of exhaustion reduced, until moisture 
begins to be condensed on the polished surface of the bottle, 
when tliu temperature of deposition is iihIh atcd by the thermo- 
meter. A little collar of ivory is introdticcd between the buttle 
and the syringe to prevent the Leut produeed by the iVictiou of 
the piston and cylinder from being communicated to the bottle. 
The valves of the syringe ai'e made of gold-beater's leaf, as the 
vapour of the aether was found to act on valves of oiled nlk« 

As washers of leather required to be introdneed on both sides 
of the ivory collar to make the eonnodons air-ti^ht, considerable 
diffienlty was experieucedi from the varying thickness of these 

* Sdhiburffh Pbilotvphical TransactioBS for 1854, and PhiloMpfaiai 

lb|pudne, vol. viii. p. R1 . 

^ Communicated by the Antlinr, Imving beeu read to the Pbyncal 
Sectioii of the British As«ociatiuu ut Gliu»gow, September \t, 18«>d. 
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washers, in bringing the bottle with the inserted thermometer into 
the proper vertical position. This inconvenience has been coiu- 
pletely remedied by connecting the ne<:k of the bottle with the 
syringe by iiu of a conph'ner screw, instead of an ordinary sere 
In this way the bottle aiul tlicrmometer can be at once brought 
into any required position, w iihout the use of any washer at all on 
that side; and as tlie -crew prujcc ting from the ivory collar on that 
Bide is now made of brass, instead of being of i\ ory ab btiiore, it is 
not subject to fracture when any httle additional force is necessary 
iu order to unscrew it. In this ^\av both additional facihtv of 
manipulation and additional security fioui accident are attained. 
This alteration also creates much greater facility of attachmentj 
according to the varying nature or position of the fixtures to 
iriuch the clamp which aecures the instminent when in opera- 
tion ia made Cut. The form of the key employed in screwing 
and nnserewbg the bottle and ivory collar has also been altered 
in a way whi<£ does not risk the fracture of the collar aa the 
previous one did. It now grasps the collar externally, like that 
used for an air-pump or gas-holder. The new forms of aersw, 
ivory valve-piece, and key, can easily be adapted to any instru- 
ment which has been constructed iu the original manner. 

It is also 8ati.sfactory to be able to state, that during this 
anmnier I have had ample experieuoe of the instrument being 
in all its parts quite calculated to stand the ordinary concussions 
of travelling, having carried it with mc in its proper case in my 
ordinary baggage, durinc^ n totir on the. Continent, without in jury 
to any part of it. On this occasion 1 have also found that it 
worked equally well as at home, in the various situations in 
which I employed it in Germany, Switzerland and France*. 

It niHV be iiieuiioiied that the gold-beater's leaf valve is con- 
strueli d by f<jlding a piece of that material, 2 inches long by 
^ an inch wide, first longitudinally and then transversely. This 
fourfold purti(Jii is then placed across the valve-piece and secured 
in its place by two or three coils of silk thread, and the super- 
fluous leaf and thi'cad cut away by a sharp pen- knife. A drop 
of sperm oil on tl^ point of the knife is then passed care* 
fully under the leaf and the knife instantly withdrawn. Gentle 
pressure by the point of the finger causes the oil to pass over 
the whole surface under the leaf. The proper state of the valve 
is ascertained both by blowing and suction. 

* In order to meet the wishes of thoac who may desire to find their own 
bottles for aether and oUve oil, Mr. Kemp of Edinburgh has fitted up ill 

tlie essentia! parts of the; instrument in a smaller and less expensive case, 
which he finds he can afford to sell nt two-thirds of tin; cost of the inort* 
complete arrangement; those, however, who niuy wisli to hii\e eveiythmg 
neoessaiy at their hand, can still obtuiu from Uiui the cuuipkt^ eoliectiuu 
In tbeir proper CMe. 
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In the use of this hygrometer, tlic pe rson of tl:ie experimenter 
can easily be kept at a sufficient distance from the cenulensmg 
surface; and in the ordinary mode of operating at an open win- 
dow whilst the little brass bottle id in the open air, the body of 
the experimenter is of course m the room. Were it thought 
necessary, a small t( l( scope or opera-glass might be used to 
observe the surface, win 1st the handle of the piston-rod might 
be lengthened so as to admit of still greater distance. 



XXXYII. Nuiices respecting New Books. 

llspmimmUal Rueareht •» SUeinaijf* By Michabl Fabaoat, 
D.C.L.f FJt*8» 4rc. ^c. d vols. 8vo* London: Taylor and 
Fiancis. 

THREE ^iimea of Famday'a Experimentid Researches are now 
before ^e public. They embrace his contributions to the 
Philosophical Transactions, the Philosophical Magazine, and other 
journals during a period of upwards of thirty years. 'I'he first of tliese 
volumes opens with the celebrated memoir on V^oltaic and Mai^ueto- 
elcctric Induction. In the year 1820 Arago and Humboldt were 
making experimeata on terrestrial magnetism on the slope of Green* 
wich Hill ; Arago dbeerved that the magnetic needle came more 
quickly to a state of rest when in proximity willi certain bodies* 
amd following up this observation he founded upon it his so-called 
magnetism of rotation. The investigation of the force which pro- 
duced the rotation of the magnetic needle ocrnpied for years the 
attention of English and continental philosojiln ; exact experi- 
ments were made and explanations given, all ot wliicli, however, 
were overthrown by the subsequent experiments of Arago himself. 
The faet stood forth as a challenge to the natural plulosophers of 
the day, nntil In the year 1881 Faraday crushed thcp difficulty, and 
embraced the discovery of Arago in that of magneto-electric induc- 
tion — a discovery which rivals in importance that of the pile by 
Volta, and, indeed, alref\dy threatens to supersede the latter in its 
most imjjortant practieal applications. 

There are men, "^viio, haviiif^ made a preat discovery^ — having pai'i'td 
the tiyaig luiiuicc ui thought thruugh which such u result is ap- 
proached, — ^rest contented with their achievement, and evince no 
desire to renew the struggle by which their laurels were won.- The 
great Italian whose name we have mentioned, suffers in this respect 
by a comparison with Faraday. The latter drew from his dis* 
covcrv eoiimge and strength to go on to others, and thv vrdumes 
rur.v before us are the practical record of a life of scientihc actinty 
unexampled in result .-riiice the time of Newton. Faraday has 
not been disciplined in the accredited schools of science : he 
has figured the opefati<8is of nature in his own fashion before his 
mentid eye, and the very richness of his imagination in this respect 
often places hia readers in difficulty. We queetion mneh whether 
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those who dwell most upon Faraday's aimplicity of expression are 
really awnre of the effort pomctimc? required to understand Lim. 
Such a man is not to be skimmed over superficially: he cannot 
make his thoughts an alphabet for child reii, and those who would 
accompany him to the depths from wiiich he speaks must be 
prepared to encounter difficulties in the way. Oftra indeed be 
raeaks in a language not generally known even among acientifie men. 
Aa Kant in the ' Critic of Pure Reason' was almost necessitated 
to elaborate a new language for himself, so the incessant con* 
tact with new truths which it has been Faraday's fortune to 
experience has rendered a divergence from the accredited forms of 
expression necessary to him. He has seen theories fade before the 
stern realities which he haj? brought to light, and it is therefore im- 
possible for him to make use of the language of those theories with 
the undoubting confidence ol those who beKeTe In them. Ao appa^ 
rent vagueness may sometimes be the result of this sc^ticism^ but 
this is inevitable with the man, who. working on the boundaries of 
science, discerns the inadequacies of received notions, and has to 
cross a chasm of doubt and darkness in his transition irom the 
defective to the true. 

The salient qualities of Faraday's* scientific character manifest 
themBulvcii Irom the begiumug to the cud of these volumes,— a 
unjon of ardour and patience* the foftaer prompting the attack, the 
latter ludding bim to hia subject until he luii obtained compleCa 
possession of it. Every experiment is a wedge wliich opens a way 
befon it to other results. He places his subject in all imaginable 
positions, looks round it, and observes all its outlying relations. Give 
him hold of a fact and the probability is that he will draw a hundred 
after it, and m master its dependencies as to leave his iullowers 
nothing to liud. iiow strikingly is he in this respect couLrasted with 
Oersted, who, having made a great discovery, seemed to have a wall d 
adamant built round his inteUect to prevent him from pursuing it to 
its consequences. Fructified by this man's intellectt each bet be* 
comes a aeedling which ever sprouts and blossoms into new results. 

The memoir to which ve have referred ns commencing; the 6rst 
volume is followed by others of great importance ; — on the Identity 
of Electricity, &c., — on tlie Laws of Electric Conduction, wherein 
the remarkable influence of fusion upon conducting power is made 
manifest, — on £lectro>Chemical Decomposition«-*-OQ liie Power oC 
Platinum to induce Combination,--^n the Definite Nature and 
Bxtent of the Chemical Forces— 'a memoir of incalculable value, 
which excited the thoughts and admiration of even metaphysiciaBa 
at the time of its publication, and at the present moment stir*» pro- 
foundly the minds of scientific men. Faraday has introduced many 
new terms into science, and the utility of some may not be manifest 
to suj^erficial thought. But scientific terms, arising as they oUcu du 
out of theoretic contemplations, often introduce something more 
than, or different from, the foot into the mind, and henee the posdble 
injury arising from their use. Furaday's constant effbrt has been to 
diaplaoe those terms whidi oanyirith them fongmie eoDoluaions 
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otfiers of a chmeter lo neutnd tlitt tiie tJiov^t sbaU be nninflo.* 
•need by the term. Passing over many minor papers we airiye at the 

important memoirs on Static Induction, on Conduction, and on Induc- 
tion ill Curved Lines . The latter idea reveals perliaps asclearly as any 
other the profouncl and subtle character of Faraday's mind. The ques* 
tion he pro]iosLs to himBelf is: **How is the electric power propa- 
gated ? Does It act like the force of gravity at a diataace without the 
help of intenreoing matter, or does it aet in virtue of such inter- 
ventton?" He rdlectsthns: If itbeafbrceactiogftt a diBtaace,tfaia 
force inll act in the straight line which nnites each pair of active 
points, but if it be a force which propagates itself by the agency of 
material particles, there is every reason to suppose that it may aet 
in curved line?, as sound, for exnmple, which depends on the atmo- 
sphere for it< ])ropagation, can turn round a corner, or waves of 
water round a rock, lleasoning in the inverse way, if it can be 
established that the electric force propagates^itself in curved lines, it 
may certainly be iulerrcd from this that it requires a material 
medium for its propagation. Faraday believes that his expeiiments 
establish the latter point ; others doubt it ; but however this n»y be, 
the profound and philooophic nature of the thought which guided 
him is manifest. We may not be able to make Faraday's mode of 
symbolising the operations of nature our own, but when we reflect 
upon the s'licee^s which hm attended his efforts, on the fact that 
his peculiar symbols enabled him to foresee results of which no 
other electrician dreamed, and which after a lapse of twenty years 
accident has brought to light, we are warned against being dopmatic 
on theoretic matters, and learn the salutary lesson, that the compe- 
tent and earnest searcher after truth hae other avenues than our 
lierased scientific turnpikes into naiture. 

The second volume of the Experimental Researches contains valn- 
ahle papers on the Electricity of the Gymnotus, on the Source of 
Power in the Voltaic Pile, on the Electricity evolved by the Friction 
of Water and Bteam, in which the principles of the hydro-electric 
machine of Armstrong are fully developed, a paper on Majrnctic 
Rotations, dating as far back as 1821, some speculative observations, 
and the writer's letters in the only controversy wluch has ever dis- 
turbed his peaceful life. The memoir on the Source of Power in 
the Voltuc Pile » of peculiar importance. The arguments which it 
contains appear to us to overthrow wholly the hypothesis of contact 
as maintained by Volta. The doctrine of the conservation of force 
haa received formal expression at the hands of many recent invest!* 
gators, but the idea appears to have been a guiding light to Faraday 
thron^rhout his entire scientific career, and tlie explicit statement 
of this principle at page 103 ot the present volume places a dilii- 
culty in the way of the theory of contact which has never yet been 
overcome. 

The third volume opens with an account of one of the most 
lemarhable discoferies of modem times, entitled by the author, " the 
Magnetisation of light and the Illumination of Magnetic Lines of 
Foree/' and expfeseed in the theoretic language usual in our day, 

Pkil. Mag. S. 4. Vol. 10. No. 66. Oct. 1855. X 
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*' the Rotatiou of the Plane of Polnnzation of u Luminous Ray. Up 
to the present time the value of this discovery has been phncipallT 
sug-gestive ; no new fact has been added to the subject since it left 
the hands of Faraday. A connexion between light and maguetiam 
here indicated which none of our theories would have enabled QS 
to nredict* None of our liypotbeeet would have prooipted us to 
■eek tlue reenlt; they woidd mther have diaeuaded us from the 
attempt, but this man sees the generally fleeting nature of those 
images by which the operations of nature are rendered tangible to the 
hiuiian mind, and is not to be warped from his path by a symbol . The 
method of true scientific investigation is probably incommunicable; 
it belongs to the indi\adual rather than to the system, and our con- 
temporaries, wc think, miss tlieir mark when they point at Parade's 
vetearehes as simply iUustrative of Hie power d inductive philo- 
sophy. Favaday's resesrohes are iUustntiTe of the power of a strong 
and independent soul, expreising itielf after its own m etho d s , and 
acknowledging no mediator between it and Nature. You may fill 
your brain with inductive philosophy, but without the God -given 
force which this man pogsesses, and which signalizes him from all 
othcre at the present day, you will never accomplish what he haa 
accomplished. Hotly following the discovery of the rotation of thtt 
plane of polarization is that of diamagnetism. At the end of the 
hut century Bruggmanns had aotnaUy shown that a magnetic needle 
was repelled by a mass of bismuth : here he stopped* Le Bailliff 
repeated the experiment with bismuth and antimony; here he 
stop])cd. Seebrrk nnd othcri? have touched upon the snmc subject; 
the cherry struck against their lips, but they failed t'> take it in. 
These fragmeiilary glances excited a momentary curiosity and 
were almost forgotten, until Faraday, without I^iowing anything 
of the experiments aUuded to» rediscoTcred the aame hctM, hut 
instead of stopping, he made them the inlet to a new and vast 
scientific domain, in which philosophers of all countries now find 
occupation. The value of Faraday's discoveries consists in a great 
degree in the Rmount of intellectual power which they call into 
action. It has been his good fortune to alight, not upon the ito« 
lated nuggets of science, which, while enriching himself might have 
left others without a share, but to strike the golden lodes at which 
the highest scientific spirits of the present age have worked, and si 
which thousands yet to come will woik with incslculabls benefit to 
mankind. 

The present vohnne contains numerous offshoots from the great 
discovery just alluded to, — the author's experiments and speculatioua 
on Magne-crvi^tallic Action, — the Magnetism of tlie Atmosphere, 
and its possible latiueuce upon the Diuruid V^ariation of the Alag- 
netio Needk,"-on the Nature of the Lines of Magnetic Force,*-on 
Electric Induction in Subterranean Telegraph Wires, and papers on 
other kindred subjects. The mention of the telegfiph reminds as 
of the application of the author's own discovery to tuegraphic par- 
poses, whoreby the grave difficulties presented to the transmission 
of ordinary voltaic electricity through subterranean wires are piac* 
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tically overcome. The public never hear Faraday's name mentioned 
in coDoexion with the electric telegraph — scarcely thut of \'olta ; 
the public contemplate the flower^ but see not the roots from which 
iti petals are fed ; the men who have given the telegraph its present 
practical fonn are deserving of pablie esteem, and have obtained 
both it and more substantial marks of public appreciation ; and yet 
the merits of Faraday, in comparison with such men, are about in the 
mtio of Prometheus to Dr. Kahn. Down deep in the mysteries of 
Nature, lie and hi? great confrirp Volta foiinfl the forces which 
pulse throuLrli tiic tekuraphic wire. l=iunuLir tu those who by their 
mechanical >kili havf biuught these great discoveries home to human 
hearths, and made them the mioLsters of society ; but a higher and 
noblsr meed be his who brought us the fire from heaven whioh 
imparts life and activity to the tde^phic mechtnian. This ia 
the positioo d FVuraday, this the positum of Volta* although nttther 
of them even derive the poor breath of pofmkr iqiplaiiie in retnm 
for their transcendent services. 

_ * _ 

This leads us into sober reflections. The public nerer can know 
and a])preciate the national value of such a man a" Faradftv. Ho 
dues not work to please? the |mbHc, nor to win its ^imicus ; and 
the said public, if luskcd its ujuniun as to the practiful value ot his 
researches, can see no possible practical isbue there. The public 
doe* not know that we need prophets more than mecbanici in 
scienoe,— inspired men, who, by patient self-denial and the CEercian 
of the high intellectual gifts of the Creator, bring us intelligence of 
Ifis doings in Nature. To them their pursuits are good in them- 
selves. Theur chief reward is the delight of being admitted into 
communion with Nature, the plea^'tire of tracing out and proclaiming 
her laws wholly forgetful whether tho?c laws will ever augment 
our baukcr s account or improve our knowledge of cookery. Such 
men, though not honoured by the title of ' practical,' are they 
which make practical men |)o&sible. They bring us the tamed 
teecB of Nature, and Isaivn it to otheiB to contrive the machineiy 
to whieh they may beyokod. Hie labour of the prophet, as we havt 
called him, is unpnidmsoahle. Nevertheless he is a man, has the 
needs of a man, and, as age advances, feels the infirmitiea of a man. 
Has such a man no claim upon his country ? We know not w hat 
provision has been made for him whose labours are now before us ; 
we only know his sen'ices to science and to the public. If we 
are rightly mtormed, it was Farndaic electricity which shot the 
glad tidings of the fall of Sebabtojiol from iiuiuklava to Vaiiia. 
Had this man converted his talent to commercial purposes, as so 
Mny do, we should not like to set a limit to his professional 
iBoome« As hefote atatsd, we do not know the equivalent provided 
by Gbvemment fer such sacrifices and such services as his,-— where 
be is to rest his noble head when years have showered their snows 
upon it. The quality of his services cannot be expressed by 
pounds, but that brave body which for forty years has hcen the 
instrument of that great soul, in a fit object lor a nation's care, 
as the achievements of the man are, or wUi one day be, the object 
uf a nation s pride and gratitude. 

X2 
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XXXVIII. Proceeding of Lm%ed SociUiei* 

BOTAL SOCnTT. 
[Continued &om p. 226.] 
Jane 14» 1855.— The Lord Wrottealey, President, in the Chair. 

npHB following eommttnieations were read : — 
^ " Remarlis on the Bev. H. Moseley*8 Theory of the Desoent of 
GJacien." By James D. Forbes, D.C.L., F.R.S. 

fn a paper *'0n the Descent of Gkciers/' communicated to the 

Royn! Society on the 19th of April, 1855, and printe{l in their Pro- 
ceedings, the liev. Henry Moseley has proposed au explanation of 
that phenomenon . 

The first part of hb paper contains a lucid description of the 
gradual motion of a sheet of lead eo?ering (he roof of Briatol Ca^e- 
dral» which he ascribes (I have no doubt justly) to the succeeaiTe 
expansions and contractions of the lead by atmospheric tempentnre. 
He explains the influence of the slope of the roof and of the measure 
of friction upon the motion with bis cn?tomnry precision and clenr- 
ne9s. He also finds for the probable measure ot tiie etiect or creep- 
ing motion of the lead, a quantity which, considering^ the imperfect 
nature of the data with regard to temperature, agrees buiiicicutly 
well with observation. 

In the latter and shorter part of the paper is a transition to the 
case of glaciers, whose motion over their beds may, he thinks, be 
accounted for in tlie same way, namely, by the alternate contra€ti<m 
and expansion of the ice by diurnnl Hmn^cr^ of temperature, nnd he 
then enters into certain calculations founded principally on data 
contained in my * Travels in the Alps of Savoy' in confirmation ot 
this view. ' 

Entertaining as I do the highest respect for Mr. Moeeley'a emi- 
nent attainments as a theoretical mechanician, it is with extreme 

regret that I find it necessary, in maintenance of the views regarding 
glacior motion which I have elsewhere advanced, and in the interest 
of scientific truth, to show (as I believe I can) that Mr. Mo«eley 
ha^ been led. apparently by n sudden inadvertency, to uphold an 
opinion completely indctcusiblc. 

I mubt first object to Mr. Moseley's description or defiaition of 
a glacier, aa calculated to mislead the inqoirer : he says (p. 339), 
" glaciers are, on an increased scale" [compared to the sheet ksid 
covering of a roof], " sheets of ice placed upon the slopes of moun- 
tains." There are certainly some inconsiderable glaciers of the 
second order to which this description might possibly apply, with 
tiiie excr-ption of the small thickness inferred by the word " sheet 
but the true glaciers, whose theory has been so often discussed 
(which theory must evidently likewise include that of glaciers of the 
•econd order), cannot lairiy be called either eheete of ice or be 
aeeurately described aa l]ring on the slopes of nunrntaias. They ate 
vast icy accumulations whose depth bears a considerable piopovtioii 
to their breadth* and which fill mountain ravinea or vaileya, 
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Glaciers ore very generoily hemmed in by precipitotifl rocks which 
detemiine their eonMwr or ground plan ; they have often to make 
their way through contracted gorges where the ice occupies (as in 
the case of the Mer de Glace of Chamouni), within a short distance, 
a channel hut half as wide as it did before. Yet the glacier, pre- 
serving its continuity as a whole, expands or contracts in ronfonnity 
with the irregularitif not only of its lateral walls, but of its bed, 
forcing itself over obj^taclc?, or even occasionally allowing itself to 
be cleft into two l^ranclies by tliom, and closing again into a united 
mass after the insular obblructiua hct» been past. To speak ul buch 
resistances of the channel to the progress of the ice as mere fiietum, 
or of a glacier considered as a solid body and in its whole extent 
(or in any considerable part of it) as having an angle of repose, as in 
the case of a subs^mee with a flat base resting on an inclined plane, 
is evidently inadmissible and tends to mislead. The valley of the 
Mer de Glace mipi'bt have almost any possible inclination before the 
ice would tend to blide out of it en masse, for it is moulded to every 
sinuosity or protuberance of the bed, whctlicr vertical or horizontal. 
JiCt Mr. Moseley imagine a sheet of lead h iving the ground j)lan of 
the Mer de Glace and contined by margins of wood accurately 
adapted to it, and he will see that unless lead were so ductile as to 
be entitled to the appellation of asemifluid>no motion could possibly 
result, however gmt mig^t be the slope on which it lay. 

I am sorry to find that Mr. Moseley denies entirely (p. 341) the 
viscous or plastic structure of a glacier as " not consistent with the 
fact that nn viscosity can be traced in its parts when separated." 
The answer to this objection seems to ])e merely this ; tlmt the 
viscosity, though it cannot be traced" in the parts, if very minute, 
nevertheless exists there, as unequivocally proved by experiment on 
the large scale, or even on spaces several yards or fathoms in extent*. 
The plastic condition of a glacier is, as I have repeatedly stated, no 
longer an hypothesis, but a fadt since I have in many places demon- 
strated that, account for it as we may, different portions of the same 
continuous mass of ice arc moving at the same moment with dif- 
ferent velocities. That a small piece of ice is not sensibly plastic, is 
not more strange tlmn that the fine blue colour so perceptil)le in the 
glacier totallv vanishes in its constituent fragments. That ductility 
and Jruijiliiy arc not incompatible qualities, is shown by the fact, that 
sealing-wax at uioderate atmospheric tempcrattires vviii niould itself 
{with time) to the most delicate inequalities of the sorface on which 
it rests, under a pressure of not more than half an inch of its sub* 
stance* hot may at the same time be shivered to atoms by a blow 
with a hammer. 

The question of plasticity, however, affects only mediately Mr. 

Moseley's theor}* of the primnr}' catise of motion by dilatation and 
contraction. According to the views 1 ?upi)ort, the dilatation and 
contraction of the ice of glaciers (assuming it to exi^^t) would be in- 
efficient to move the mass unless it moved plastically; and if it 
moves plastically, the supjjosition of its thermal expansion is, at all 
* See PhiL Tnuii. 184 6| p. 162, and Piul. Magazine (1845), xxvi. p. 414. 
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events, Boperfluooft, mnce £;iaTit7 ii in that case a tufficiieiit monng 

force. 

But, it will be argued, if the ice be really acted on by bent and 
cold aa Mr. Mo&eley supposes, it is a vera causa ol muUuu uud cau- 
not be neglected. And neie ve join itm respecting the physical 
llieoiy propoaed. 

Mr. Moieley's explanation of the descent of the lead on a roof at 
an angle much below that at which motion could take place by 
gravity, friction being allowed for (the angle of repose), amounts 
to this, that every increase of temperature of the mass by the hcnt 
of the day expandinj:;' it, pushes the lower end downwards uwrc tli.ia 
it pushed the upper end upwards; whilst the cold of the tiij^hl re- 
tracts a little the lower end, but (being favoured by the sbpe) it 
pulls down the upper end more than it had been' pUMied up dunng 
the heat of the day, and thus by a speoies of vermicular motion im- 
pds the body down the inclined plane. The motion is calculated 
from a formula inchidinc;the absolute expaneiliility of lead, the slope 
of the roof, the angle of repose, and the diurnal range of tempera- 
ture. Taking then corresponding" data for the Mer de Glace of 
Ghamouui, assuming 3U° to be the angle of repose of a glacici upon 

its bed, talcing the expansion of ice to be nearly double that of lead 
(according to experiments made at St. Petersbuigh), and the daily 
range of t i nperatnre rftHe ice to be the same as that of the air ob- 
served by De Saussure on the Col du G^ant in the month of July, 
Mr, !V[o-^( lcy calculate? the daily descent of the glacier opposite the 
Montanvcrt and compares it with my observations. 

Waiving for the moment all other objections, cati we possiblt^ (Utt i- 
bute to the ice of t/te entire mass of thin vast glacier an average daily 
range of iemperaiure of 4^° of RemtmMr or qf Fokreiiktiti Hie 
idea seems to roe to be perfectly untenable. 

The expansion and contraction of ice by heat and cold can of 
course only take place below the freezing-point, or 32^. Let it be 
percolated by water as it may, it cannot rise above that temperature 
nor expand in the smallest degree. But it is a matter perfectly 
notorious, that, at least in summer, and throughout tiie whole extent 
of the Glacier Proper, and even far into the region of the neve, the 
ttladeris charged with percolating water derived from superfidsl 
nision. Mr. Moeeley admits this, and even attributes the diuinal 
oscillation of temperature which he assumes^ to the action of water, 
as in the following passage: " Glaciers are, on an increased scale, 
sheets of ice placed upon the slopes of mountains, and subjected to 
atmospheric variations of temperature throughout their masses by 
variation? in the quantity and the temperature of the water, w hich 
flowing from the surface everywhere percolates them (p. 33y}. 
This action therefore cleaily brings the temperature of Uie iee up 
to 32*^ during the day. But how is the cold of the night to opeiate 
in reducing the temperature of a mass of ice certainly from 300 to 
600 or more feet in thickness through the enormous average depres- 
sion of [)l degrees The water so efficient by its percolation in 
raising the temperature (if necessary) to 32°, being frozen, is now 
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powerless. Cold can be convoyed downwards, or to speak more 
correctly, heat can be transmitted upwards through the ice only by 
the slow process of conduction, and this on the suppo&itiun that the 
depression of superficial temperature is all that the theory might 
leqoire. Bat how staiuk the fiict? Mr. Moseley quotes fh>m De 
Sauseure the folbwmg dbi/y ranges of the temperature of the air in 
the month of July at the Col dtt O^ant and at Chamoum, between 
which pointa the glacier lies. 

At the Col dtt Gteit 4^-267 Reaumur. 
AtChamoimi l(f*092 Reaumur. 

And he asaumea " the aame mean daily variatioii of temperature to 
obtain throughout the length" [and depth ?] " of the Glacier da 
G^ant which De Saussure observed in July at the Col du G6ant." 
But between what limits does the temperature of the air oscillate ? 

We find, l>y referring to the third volume of De Saussure's Travels, 
that the mean temperature of the coldest hour* (4 a.m.) during his 
stay at the Col du Geant was 0"457 Reaumur, or 33°"03 Fahrenheit, 
and of liic \sarme5t(2 p.m.)4°'714 Reaumur, ur42'^-61 Fahrenheit!. 
So that even upon that ezpoeed ridge, tjetween 2000 and 3000 feet 
above where the glacier can be properly said to commence, the 
air does not, on an average of the month of July, reach the freezing- 
point at any hour of the night. Consequently the range of tempera- 
ture atfyihnted to the glacier is between limits absolutely incapable of 
effrcti'irj the expansion of the ice in the smallest degree. This would 
of coiir.-e be still more applicable if we take the mean of the tempe- 
ratures at Ciiamuuui and the Col du Geaut to present the general 
atmospheric conditionB to which the glader is ezpoaed. 

It is in summer that the glacier moves festest : it is with my 
observations of motion in July that Mr. Moseley compares the results 
of his theory : and therefore it is of no avail to say that there are 
periods of the year when congelation penetrates at night some inches, 
or even it may he some feet into the ice, and vrhcn therefore the 
sensible heat of the g^lacier may be considered to vary, thontrh, if 
regard be hud to its va^jt thickness, it must be on an average uud in 
the most extreme circumstances to an absolutely inappredaUe 
degree. 

Lasdy, Mr. Moseley, whll.'it cm limning in the following passage 
the theory of glacier motion by the dilatation of water in the inter- 
stices of the ice, clearly passes sentence on hi? own, which could not 
come into action until the other had already produced its efl'ects : 

The theory of Charpcntier, which attrihute-; the descent of the gla- 
cier to the daily congelation of the water which [)ercolates it, and 
the expansion of its mass consequent thereon, whilst it assigns a 
cause which, so far as it operates* cannot, as I have shown, but 
cause a glacier to descend, appears to me to assign one inadequate 
to the result ; for the congelation of the water which percolates the 

• The obsprvrstions were made every two hours day and night. 

t The corre6}»undiug extremes at Chamuuai are 03^*25 and Fahr. 
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glacier does not, according to the observations of Professor Forbes, 
take place nt nil in summer more than a few inches from the sur- 
face. Nevertheless it is in summer that the daily motion of the 
glacier is greatest." (Moselcy, Proc. U.S. vol. vii. p. 341.) 

"Researches on the Foraminifera. — Parti. Gmh ral Introductiou, 
and Monograj)!! of the (muus OrbitQiitet" By Wiiham B. Car- 
penter, M.D., F.it.b., F.G.S. &c. 

The group of ForamhUjftra being one as to the ttracture and 
physiology of which our knowledge is oonfesaedly very imperfect, 
and for the natural classification of which llicrc is consequently no 
safe basis, the author has undertaken a careful study of some of its 
elnef t^ iJical forms, in order to elucidate (so far as may be pn?- 
sibli ) their history as living beings, and to determine the value of 
the characters which ^hey jiresent to the systematist. in the pre- 
sent memoir, he details the structure of uue of the lowest of these 
types, OrbitotiteBt with great minuteness ; his object having been, 
not merely to present the rewltt of his investigations* but also to 
exhibit the method by which they have been attained ; that method 
essentially consisting in the minute examination and comparison of 
n lnr(/e number of specimens. 

The Orbitolite has been chiefly knowTi, until recently, through the 
abundance of its fossil reraains in the Eocene beds of the Paris 
basin ; but the author, having been fortunate enough to obtain au 
eatensive series of rtcent specimens, chlelly from the coast of 
Australia, has applied himself rather to these as his sources of in* 
formation ; especially as the animals of some of them have been suf- 
ficiently well preserved by immersion in spirits, to permit their cha- 
racters to be well made <mt. 

As miglit have been anticipated from our knowledge of their con- 
geners, these animais loner to the Rhizopodous type ; the soft body 
consisting of sarcode, w illiuut digestive cavity or organs of any kind ; 
and being made up of a number of segments, equal and similar to 
each other, which are arranged in concentric sonea round a centrsl 
nucleus. This body is invested by a calcareous shell, in the sub- 
stance of which no minute structure can be discerned, but which 
has the form of a circular disk, marked on tlie surface by concentric 
zones of closed cells, and having minute pores at the margin. 
Starting from the central nucleus, — which consists of a pear-shaped 
mass of sarcode, nearly surrounded by a larger mass connected with 
it by a peduncle,— the development of the Orbitolite may take place 
either upon a simple, or upon a com/»fextype. In the former (which 
is indicated by the circular or oval form of the cells which show 
themselvefi at the surfaces of the disk, and by the si/ighmess of the 
row of mai^ginal pores), each zoiie consi«ts of but a siiiHc layer of 
segments, connected together by a single annular f^toloii of sarcode; 
and the nucleus is connected with the first zone, and each zone with 
that which surrounds it, by radiating peduncles proceeding from this 
annulus, whicb, when issuing from the peripheral aone, will pass out- 
wards through the marginal pores, probably in the form of pseudo- 
podia. In the ceiNp/eff type, on the other hand (which is indicated 
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by the MTiw and 9ira»pkt*9iM form of the superficial ee]]s» and 
by the wmk^HaUum of the horiaontal lowe of marginal pores), the 
segments of the concentric zones are elongated into vcrtictd oolnsBns 
with imperfect constrictionB at intervals ; instead of a single annnlar 

stolon, there are two, one at either end of these columns, between 
which, moreover, there arc usually other lateral commimications ; 
whilst the rnclintliiL: itccluncles, which connect one zone with another, 
are also multipHcd, so as to lie in several planes. Moreover, be- 
tween each annular stolon and the neighbouring surface of the disk, 
tliere is a layer of superdcial segments, distinct from the vertical 
columns, but connected with the annnlar stolons ; these occupy the 
narrow elongated cells just mentioned, which constitnte two svper* 
Jieiai layers in the disks of this type, between which is the Mlcrsw- 
diate layer occupied by the columnar segments. 

These two types seem to be so completely dissimilar, that they 
could scarcely have been supposed to beloncr to the «:ame species ; 
hut the examination of a large number of s|ic( inuns showjj, that 
although one is often developed to a considerable size upon the 
simple type, whilst unother commences even from the centre upon 
the complex type, yet that many individuals which begin life, and 
form an indefinite number of annuli, upon the simple type, then take 
on the more complex mode of development. 

The author then points out what may be gathered from obserra- 
tion and from deduction respecting the Nutrition snd mode of 
Growth of these creatures. He shows that the former is probably 
accomplished, as in otlier Hhizopods, by the entanglement and draw- 
wf^ in of minntc vegetalilc j articles, through the instrumentality of 
the pseudopodia ; and that the addition of new zones j)rol)ably takes 
place by the extension of the sarcode through the marginal pores, 
so as to form a complete annulus, thickened at intervals into seg- 
ments, and nuTowed between these btp connecting stolons, the 
shell b«ng probably produced by the calcification of their outer por- 
tions. And this view he supports by the results of the examination 
of a number of specimens, in which reparation of injuries has taken 
place. Regarding the Reproduction of Orbitolites, he is only able 
to suggest that certain minute spherical masses of sarcode, with 
which some of tlie cells are filled, may be gemmulfs-, and that other 
bodies, enclosed in firm envelopes, which he has more rarely met 
with, but which seem to break their vs ay out of the superficial celLb, 
may be ova. But on this part of tiie inquiry, nothing save obsenrao 
tion of the animals In their living state can give satii^ietory results. 

The regular type of structure just described is subject to nume* 
rous variatimu, into a minute description of which tlw author next 
enters; the general results being, that neither the shape nor dimen- 
sion? of the cntii e disk, the size of the nucleus or of the cells form- 
ing the concentric zones, the surface-markings indicatiiiL; the shape 
of the superficial cells, nor the early mode of growth (which, though 
typically ajclical, sometimes approximates to a spiral)t can serve as 
distinctive characters of species ; since, whilst they are all found to 
present most remarkable diffintnoes, these differencet, being strictly 
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gradational, can only be considered as distinguishing minnimuit. 
It thus follows that b very wide range of variation exists in this 
type; so that numerous forms which would be unhcsitRtingly 
accounted specitically dihiiiciit, if only the moaf divergrnt cjcamples 
were brought into comparison, are found, by tuc ditcuvery of those 
uUmnMOe iinki which a laige coU«ctioii cm alone tupply. to be- 
long to one and the wme tpeoifio tjrpe. 

Aliter notidng aome curious monstrosities, resulting from an nn- 
usual outgrowth of the central nucleus, the author proceeds to in- 
quire into the esyrriflfil character of the Orbitolite, and its relations 
to other tyj)C8 c t structure. He places it among the very lowest 
forms of Foraminitera ; and considers that it approximates clo.«ely 
to sponges, some of which have skeletons not very unlike the cal- 
caieona net- work which intenrenes between itt fleshy tegmenta. Of 
the tftcies whidi the genus has been reputed to include, he etatea 
that a latge proportion really belong to die genus Orbitoidea, whilst 
others are but varieties of the ordinary type. This last is the light 
in which he would regard the Orhitolhea rnmplanata of the Paris 
basin ; which diifers from thr hilly- developed Orbitolite of the 
Australian coast in some very peculiar features (marking u le&s com- 
plete evolution), which are occasionally met with among recent 
fonna, and which are sometimet diitinctly traneitional towarda the 
peifcot type. 

The author concludes by calling attention to some general prin- 
ciples, which arise out of the present inquiry, but which are appli- 
cable to h11 depfirtmcnts of Natural History, ro«z:nrdina: the kind and 
extent of comparison on which alone spccihc diatinctiont can be 
aeeurely baaed. 

June 21.— The Lord Wrottesley, P^dent, in the Chahr. 

The following communicationa were read t— 

"On the Magnetism of Iron Shipa, and iti noooidance with 

Theory, as determined externally, in recent Experimenta*'* By the 
Kev. W. Scoresby, D.D , F.K.S. 

The rn igiietic coiulilioii of iron ships i» a suliject of so much im- 
portaucc, practically and ecieutriicuily, Lliat I have been induced U) 
eubmit to the Sooety a few characteriatio ftota (haatily indeed 
brought together) derived from recent experimenta. 

In a work in the Society's library, entitled ' Magnetical InTeati- 
gationa,' it waa ahown, by deductions from an elaborate aeriea of 
experiments on plates and bars of malleable iron, that the magnetic 
condition of iron ships should, theoretically, be conformable to the 
direction of terrestrial induction whiUt ou tiio stock^i ; and the r<?. 
tenitve quality, which is so highly developed by viituc oi liic ham- 
mering and other mechanical action during the building, abould be 
■0 Ihr fixed in the aame direction, aa to renuun after the ihipa might 
be launched, until disturbed by fresh mechanical action in new poai« 
. tions of their head or keel. In this view, taking, for instance, the 
condition of the middle, or the main-breadth section of a ship on 
the stocks* the magnetic polar axis should aaaume the direction of 
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ib» dippiiig-iiMdle (with an equatorial plane, or plane of nomttimo* 
tion at right angles to it), passing through or proximate to the 
centre of gravity of the iron material in laoh section. Thna every 
ship should have a character! «»tio mn^etic distribution, primarilVi 

dejiendent on her po.eition whiUt on the stocks; po thrtt, btniii^ built 
"with the head north or south, the equatorial plane biiould appear 
externally on the same horizonud level, the polar axis only being 
inuhucd iium the vertical^ in correspondence with the liirccliua uf 
the axia of teireatrial magnetisDi (Magnelioal Inveitigationa« to1« iL 
pp. 331, 332). 

It was also inferred, that whilst anch individuality of the mag« 
netie distribution would be rendered retentive on the same principles 
as this quality of magnetism is developed in bars or plates of iron 

by mechanical action, so the axial direction of the ship's magnetism 
would be liahle to change, under mechanical action, in new positions 
of Llie ship's head, or under new relations of ten e>t rial magnetism, 
just as the retentive magnetism is liable to change m bars or plates 
ui kou if hammered, vibrated, or bent whdst held in new po- 
aitions. 

And it was further infened, that the analogy with plates and bars 

might be expected to hold, notwithstanding tne numerous pieces of 

whieh the ship's hull ought be composed, becanse, in experiments 
on combining short magnets into long series, or submitting pil^ of 
filiort bars of iron to terrestrial induction, it was found that no ma- 
terial difference in the effects occurred betwixt a single steel magnet 
of a given length, or a single bar of iron, and the same substance 
and dimensions combmcd in short or smuil pieces in contact. Hence 
it was considered that an iron ship should exhibit in its general 
Mrie the eharaoteristie phenomena of one nndirided bumsj or a 
unity as a ma^petio body. 

These anticipations, it will be seen (published betwixt three and 
four years ago), have, so far as we have now time to elucidate them, 
had verifications, in actual experiments on iron ships, as beautiful as 
they are conclusive. 

in the cn^c of the 'fiiba,' an iron ship of 2UU feet in length, built 
recently on tiie Tyne, the magnetic condition before launching-, 
which I was invited to investigate by Mr. iiobert Newall, the owner, 
was found satisfactorily accordant with theory. Her head pointed 
south a few degrees westerly, and her linea of no-deviation (indica* 
tive of the position of the magnetic equatorial plane) were at a smaU 
distance in elevation different on the two sides, that of the starboard 
side being the highest. Proceeding in a direction at right angles to 
the dip, and passing through, or near to, the ship's general centre 
of gravity, the lines of no-attraction (descending forward) came out 
near the junction of the stem witli the keel. And iherc, it was re- 
miukable, as I had suggested as probable to Mr. James Napier of 
Glasgow, before making any experiment, there was found a de])art' 
ure horn the ordinary regularity of the lines of no-attraction in a 
oonsiderable downward bend» 
Towards the stem, the equatorial lines rose out of and came above 
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the iron luting of the top-sidest about 40 feet from tihe tafrtS; 
thus giving to the after -part of the ehip a ttDtform noithem polarity. 
The ship, consequently, had become fi hng-e simple magnet — the 
north pole at tlie stern and the south at the head. The attractive 
power, as wa? expected, was highly energetic. At the distance of 
50 feet, a compass on the lerel of the keel, at right angles to it 
abreast of the stem, was deviated to an extent of above 10^ ; at 100 
feet distance the chip's magnetism caused a deflection of about half 
a ))oint ; and at 150 and even 200 feet there was a very sensible 
disturbance ! 

In the case of the * Fiery Crojs,' built at Glapgow and launched 
in January last (acnec which I hnvc elsewhere referred to), the liiies 
of no-deviation, as taken for me by Mr. Jame^ Napier, were still 
more rigidly in accordance with thcor}% — the diiicrence ol elevation 
of the observed lines of no>deviation at the main-breadth section 
agreeing with calculation, theoretically, to within an indi or two. 
In the other case, that of tiie * Elba/ a slight discrepancy as to the 
oompaiative level of the lines of no-attraction on the two sides, might, 
perhapf , be satisfactorily exj)lalned by the proximity and somewhat 
disturbing influence of another iron shipr (advanced only to the 
frames or angle irons) on the port ?ide of her. 

In the case of the ' Elizabeth Harrison,' a large iron ship built at 
Liverpool, the first I had carefully examined, the correspondence of 
the magnetic polar axis and equatorial plane with those of tems- 
trial action was equally charaeteristie and condusilre. 

Hence we may perceive a sufficient reason for some of the pecu- 
liar phenomena in iron shij)s of the compass disturbances and their 
chan pcss. We may f^ce why a ghip built with her head easterly or 
westerly, and having the polar axis incUned over 18° or '2i)° to the 
starboard or port side, should be particularly liable to compass 
changes^ if severely strained or struck by the sea with her head in 
an opposite direction. We eee why the compasses of the *Tayleur' 
should have been exposed to such a change as appears to have taken 
place in her lamentable case. We see in the case of the 'Ottawa*' 
(one 1 have elsewhere referred to), why a heavy blow of the sea, with 
the ship heeling and her head pointing eastward, would be likely to 
produce a change in her magnetism, when her previous magnetic 
distribution was solicited by terrestrial action in an angle of 30^^ or 40° 
of difference. And we see why the deviations of the compass in iron 
ships should, diflerenily from those of wooden ships, be sometimes 
westerly and sometimes easterly in ships built and trading in home 
latitudes ; for here, whilst in wooden ships, where the iron work is 
in detached masf?cs, the ^hip can have but little, externally, of the 
character of a true magnet, and can possess but small comparative 
differences from the position of her head whilst buildinof ; in iron 
ships, on the converse, where the ship is rendered by percussive 
action a powerful and, rettntipely, true magnet, her deviating action 
must be expected to he difierent, as the pdarity of the head or stem 

* Where the eompan snddetily dunged two poiati. 
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nmy differ In denomimtioii, or as the ship's magnetic poltr tads may 
happen to lie Ofer to statboaid or port. 

As an objection might be made to deduetiona from experimenta on 
aimple individual bars or plates of iron being applied to the case of 
iron ships built up of thousands of pieces. I have rqieated the expe- 
nment?, snb^titutins^ for an entire ]>1ate or bar of iron a plate about 
18 inches lon^ and 3 broad, made up of numerous separate plates, 
and combined in the manner of the plating of iron ships. The 
compound or combined plate of some eighteen or twenty pieces 
yielded, under percussiou, vibration or beudin<^, ic::ulta precisely 

dmIUur to thoae obtained by the uae of aingle platea or ban. 



XXXIX. IniMgence and Miaedktnmiie Jfiidee, 

mXAMINATION OP THE GREEN MATTER CONTAINED IN GRSSN 
INFU80&XA. BY THE PJUNCJI OF SALM-UOaSTMAJU 

IF the green Infbfloria of large ponds be eoUected upon a filter, then 
extracted with alcohol whilst fresh, and the green extract eva- 
porated to dr^'ness at a temperature of about 104^ F.» the body 
obtained has tlie following properties : — 

1. When slowly heated upon platinum, it does not fuse, but soon 
evolves vaponni (not smoke) which possess the peculiar odour of 
])oikIs, whil'.t thu ereater part of the ma«p is volatilized. The pro- 
diictiuu oi vapour then ceases, aud a :siuall browni^^h residue is left, 
which, however, is also slowly volatilized at a temperature below that 
at which the phtinnm becomea red-hot. No carbonaceona residue 
iaiefl. 

2. It dissolves readily both in alcohol and acetig scther. 

3. It dissolves in hot water with a yellowish-olive colour; the 

water first becomes mi!ky, 

4. It dic^olves iu ammonia with a yellow colour. 

5. It is soluble with a ^eeni«h-yellow colour in solution of pot- 
ash, and the solution shows a black stripe in the red of the spectrum. 

0. 1 he alcoholic solution has no reaction upon litmus. 

It is consequently neitiier a wax-like body nor chlorophyll ; for 
cUotophyll extracted by alcohol from freshly-dried leaves of Lolhtm 
ftrenmt and evaporated at 104^ F. until no more fluid is present, 
forms a sticky a^ass which does not dissolve in water, ammonia, or 
solu^'on of potash. Its behaviour when heated in a platinum cruci- 
ble is the same as that of the green of the Infusoria. 

Tlie two alcoholic solutions are very different in colour when 
freshly prepared; that of chlorojiliyll from grass is emerald-green, 
that from the Infusoria ulivc or bottle-green. 

Angstrom's exact optical investigations of the two substances had 
also presupposed their diitinctnesa.— Poggendorff's Annakn, vol.zciv. 
p. 466. 
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ON TUE IlED DISPERSED LlUlil IN A iJOLOTlON Of CHLUilt>« 
PHTLL. BY THE PHINCB OF 8ALM-HOR8TMAR. 

From the statements of Stokes it appears as thoiij^jh the red di- 
spersion was only to he seen in directions j)erpendicular to the inci- 
dent ray ; this, however* ajpplies oniy uartiaii^^ to the phaiaomenoii, 
I have obsemd that tbe red light can oe distmetly seen, even when 
the test-glaas containing the eolntion of chlorophyll i» held eo that 
the flame of a lamp ia placed nearly between tlie glass and the eye 
of the observer. In older to avoid mistake, I put a piece of black 
velvet into the fluid so as to prevent the hinder surface of the glass 
from giving any reflexion ; bnt the red dispersion remained as before. 
The red light consequently radiates also in the opposite direction to 
that of incidence. 

It 18 remarkable, however, that thii flnid ahould alto show the red 

light in the opposite direction ; that' ia to 8a]r> in the direction of the 
incident ra} , soon as the eolation Ib so concentiated that the 

directly visible light becomes more ohecured. 

As the so-called dispersed light promises to da much to elucidate 
the ] liaiiuineoa of light, the smaliett circumstance deservea to be 
kept in mind. 

From the welUknuwn fact that the red dispersion is only sucn 
with the help of a hanuug-glaae in the centre of the aolntion of 
chlorophyll, it would aeena that thoee uviubie raya of ann-lig^t which 
are rendmd visible by the chlorophyll arc separated in the sun-light 

by heterogeneous spaces, just as though they passed through a lat- 
tice, which only causes those atoms lying close to the surface to 
become luminous, where it is permitted by the lattice, aud complete 
their course at that point. Thus in the parallel state the red di- 
spersion is visible at the surface ; in the cunvmgmg bUtc, aL>o, in the 
centre. The question then arises, whether this might not be em- 
ployed in measuring these parallel heterogeneous intervsls ?*<-Pog- 
gendorflTs AnrndeHt toI. xciv. p. 467. 



MOUSCULAE CONBTIVFTION OF CETBTAL8. 

7b the MdUors o/ the PMhtuphkal MogtukM and Journal, 

GutTtBHBV, Dubliig August 4, 1666. 

IN my paper on the Mdeoular Constitution of Crystals, which 
appeared in the Philosophical Magazine for August I lepre- 

sented Sir David Brewster as having said that the cleavage of cry- 
stals arises from the unequal cohesion of the diffsrent poles of each 

molecule. 

Ciiicjting his words from memory, I erroneously considered them 
to apply to the first system of crystals of which 1 wab llicn speaking; 
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I have fortunately since dueovered my error, and hasten to make 
Ibe only reparation in my power— that of acknowledging it. 

I can assure Sir David Brewster that theie ia nothing I regret 

more than having made, even inadvertently, any misrepresentation, 
particnlnrly of one whom I must ever look on as one of the fathers 
of science, and whose opinions, even though they differ from my 
own, i wiU ever regard with respect. 

Your obedient Servimt, 

BoBw T. FoiaraB* 



MBTBOAOLOOIOAL 0B8IKVATI0NB VOA AUG. 1855. 

CSUiiiM.— AuffUft 1. Very fine. 2. Very iiiMt heivy rain. 3—5. Very fine. 

6. Overcast. 7. Very fine. 8. Rain : tbuiuler : heavy rain. 9. Cloudy and fine : 
dear at night. 10. Foggy, with heavy dew : very Hue: flight haze: very &ne« 
11. Slight haze: very fine. 12. Overcast: fine: clear. 13. Very fine. 14* 
Qoody and fine. 15,16. Very fine. 17. Slight fog: very fine. 18. VeryftM, 

19. Very fine : sli-ht rain at night. 20. Slight rain : cloudy and boisterous. 21. 
Fine : clear and windy. 22, Very fine. 23. Very fine: much sheet and forked 
lightning at night. 14—26. Very line. 27. Very flues ckniclyit ntglit. 28« 
29. Very fine. 30. Very tine : clear at night. 31. Very fine. 

Menn temperature of the month CP-M 

Moui tea ipe ratmre of Aug. 1854 

tffltn tmpentoie of As£.fiv ths lot twenty.nuie ytm ... 61 *96 
Avenge anumiit el nin in Ang. 2'446iaflbei« 

Bottom* — ^Aug. 1. fke; rain a.m. 2 — 1. Fine. 5, 6. Cloudy. 7. Cloudy: 
nin AM, end wm,^ wlik tbmider. 8. Cloudy i nSn a,m tnd p.m. 9. Bain a.m. 

10. Fine. 11. Cloudy. 12. Cloudy t leln A.11. 13. Pine. 14. Cloudy. 15—18. 

Fine. 1 9. Fitic : rnin A.M. 20. Cloudy : rain a.m. 21 . 22 Cloudy. 2!^. CInudy: 
rain a.m. and v.u. 24. irine. 2b. Fine : rain i*.m. 26 — 2ti. Fine. 2d. Cloudy. 
30,31* fine. 

Sandunck Sfanse, Orkn&tj. — Aug. 1. Cloody a.m.: fine, foe: p m. 2. Rein a.m.: 
fine, cloudy p.m. 3. Clear a.m. : fine, drops, thunder and lightning p.m. 4. Kain 
juit. i dricde, sbowwy wjk, 5. Bright am, x eloody F.ii. 6. Ctov am, tad 9M, 

7. Rain a.m. : showers p.m. 8. llain a.m. : drizzle im. 0. Drizzle a.m. : clear, 
fapour P.M. 10. Hazy a.m. : damp p.m. 11. Cloudy a.m. : showers km. 12. 
Cloudy A.M. : damp P.M. 13. Showers a.m.: cloudy p.m. 14. Bright a.m. : 
cloudy ifMm 15. Drizzle a.m. : cloudy p.m. 16. Cloudy a.m. : rain p.m. 17* 
Cloudy A.M. and p.m. 18, 19. CIoiif)y a.m. : cloudy, thunder and lightning p.m. 

20. Showers A.M.: rain p.m. 21. Bright a.m.: cloudy p.m. 22. Showers a.m. 
and p.ai. 23. Showers, bright a.m. i dear p.m. 24. Cloudy a.m. t rain p.iff, 
25. ClMT AM, and p.m. 26, 27. Baia am. , cloudy p.ii. 28. Clear am,% 
showers p.m. 29. Bright A.M. t elMT p.ir« SO. Dn^ am* t deer, drops vMm 
31. Cloudy A.M. and p.m. 

Mean t e mpefntqieefAqg.lbf twenty .eight previous years ... 54^'99 
Mean tcmi^erature of this montb 56 10 

Mean temj)eratare of An?. 1854 5.5 06 

Average quantity ol ram in Aug. for fifteen previous years ... 2'^^) iuckcs. 
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XL On the PoiSiUfe of Bleeirie Currents through Herded Air, 

By P. RiBfls*. 

AN interesting observation has lately been made by M. Gau- 
train in Paris. He allowed a luaorneto-induetion current 
to pass between metallic knobs enclosed in a glass receiver con- 
taining rarefied air, one of which knobs, wath the cxce})tu>a of a 
very small portion, was coated with uu iusulatincr substancef. 
Besides the glass receiver, or electric egg, a guU auouieter was 
introduced into the circuit, the needle of which was strongly 
dLlicclcd when the luikcd knob was negative, i. e. when the 
current passed from the covered to the naked knob, but suffered 
no deflection when the current was reversed. Thus to the inter- 
ruption current I of the induction apparatus was ascribed the 
property of pasniig tlirough the electric egg in one direction 
only, that is, from the coated to the naked knob, and on thia 
aeoonnt the egg was called an eleetrie valve. The following in* 
veatigation will ahovr that this conduaion is unfomidedj and that 
the namoi at least in the above sense, is inappropriate. 

In ord^ to repeat Gaugain'a experimenti 1 provided myaelf 
ivith a short glass cylinder closed at each end with metallic 
platea; the lower plate, as well as its attached rod and knob, 
with the exception of a small portion of the latter about the sise 
of a pin's head, were coated with melted sealing-wax: about 
three-qnartera <tf an inch above the coated knob was a similar 

* From the Report of t!ie Vcailemy of Science at Berlin, June 18, 1855. 

t Camples Reiidus, rol. xi. \^. (MO, Phil. Mn^. vol. x. p. 207. 

X The induced currents caused by interrupting and closing the circuit of 
the primaiy or iadiidng corrent, aie for the nke of brari^ called inter- 
mptaon eamnt and contact cimeiit, reipeetively. 

PhiL Mtig, S. 4. Vol. 10. No. 67. Nov. 1856. Y 
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one, naked, at tbe end of a rod attached to the upper plate. To 
generate the magneto-induction current, I used a very efficient 
apparatus construct 1 by Siemens and Halske, and formerly de- 
scribed by me*. Tlie induction coil of this apparatus was ^ 
inehea long and 24 inches broad ; the voltaic current in the pri- 
mary coil; in whidi lay a bundle of loose iron wires, was closed 
and broken by means of the tongue invented by Wagner, nnd a 
long time ago introdiicpd bv Noef. The circuit of the induction 
coil was closrd after introducing into it a galvanometer with an 
astatic system of needles, as well as the brfore-described glass 
cyhuder, in which t)ie air was rareUed to oue line of mercury 
pressure. By means of a commutator, the coated kuob in the 
cylinder could be made positive or negative by connecting it 
immediately with the one or the other pole of the induction coil. 
That pole of the induction coil will be called positive which de- 
velopes iodine when both poles are connected by a strip of paper 
moistened with a solution of iodide of potassium, and when the 
primar;^ current is broken* This pole can he eanly detected by 
nrst fixing two pointed dastic stnps of metal with their points 
opposite one another, so that the distance between the points 
can be changed, and then fastening a strip of thin writing-paper 
between the points. When the points are connected with the 
poles of the induction coil, and made to approach one another 
until a continuous series of sparks ensues between the two, the 
sparks will be seen to pass on one side of the papef only, pro- 
vided the latter is not perceptibly displaced. It follows from n 
known property of positive electricity, that tlic ])nint in contact 
with this side of the paper is connected wiih the pusilive pole of 
the induction coil. To set the induction apparatus in oction, I 
used one of Grove's elements ; but this current being too strong, 
I found it necessary to pull the iron wire half-way out of the 
primary coil. When the coated knob in the rylin(]( i was cou- 
nccted with the positive pole of the iiuluctujii toil, the lau dle of 
the galvanometer was instantly deflected towards a certain side, 
and remained oscillating about 30°. On the other hand, when 
the naked knob was positive, the needle remained for some mo- 
menta motionless, and then moved to a few degrees on one or on 
the other side of the sero of the scale. Hence it really appeared 
aa if the interruption current passed easily and eompletdy from 
the covered to the naked knob ; but not at a!^ or only partially 
and with difficulty, from the ni^ed to the covered knob. Thia 
explanation of the experiment, however, was contradicted by the 
light in the cylinder, which could be seen in both cases, and, in 
full day with shaded cylinder, appeared to have the same form ; 
further, in the case where the needle was dcdect«d» the light 
* PoggeBdoriTs Aunaleit, vol. xd. p. 290. 
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appeared more quiet and ii^sifonn thsQ in the other eaae. After- 
wards I eiamined the laminouB phenomena more minntely. 
Before having some experience with respect to the above phnio* 
mcna in the case of ue simplest eleetric onnent, aaoh aa that 
of a Leyden batteryi it appeared to me useless to experiment 
further upon that most complicated of all electric enrrenta which 
the induction apparatna fttrnishea. 

Escperiments on the Leyden Battery. 

1 had the following simple and convenient apparat!i<< prepared. 
A cylinder of very thick c^ln-s, 3^ inches h'v^\\ and inch 
in interior diameter, was ground perfectly plane at one end, and 
closed at the other by a brass monntinp-, which carried a cock 
and a screw for the purpose of being screwed on to the air-pump. 
Projecting into the glass vessel and attached to this mountinp: is 
a slight brass cylinder, in which a brass rod, carrying a knol) at 
one end, can move up and down. The cylinder can be closed 
and made air-tight by placing on the top a glass plate smeared 
with lard. The glass plate haa a email hole in its centie^ and 
upon it an ivory rod an inch lon^ is cemented, which carries a 
clamp for fixing the condncting wire. A piece of platinum wire 
half a miUim* thick descends from the damp through the iyory 
and is cemented into the glass plate, the latter and the end of the 
wire being ground into one plane. In the plane of the lower 
surface of the glass, therefore, there is a disc of platinum half a 
millim. in diameter, between which and the brass knob beneath 
it electricity can pass. After placing the knob (f ths of an inch in 
diameter) at a distance of ^ths of an inch from the platinum 
surface, the air in the cylinder was rarefied to about one line of 
merciiiT prcs'=Ttre, and the apparatus, toirether with a sensitive 
electric ihermonieter, brought into the cu'cuit of an ek ctnc bat- 
tery consisting of three jars. The apparatus was so connected 
with the discharging wire, that during thf discharge the knob 
in the cylinder could be made either the positive or the negative 
electrode. In order that the iiiuuiRi ut charging the battery 
may be seen, the part ut ihe cjdinder which was in connexion 
with the interior of the battery is given in the following table. 
The words "surface -f " show, therefore, that the battery was 
charged with positive electricity ; *^ knob — " that it was charged 
with negative ; wi^ respect to the direction of the current, it 
will be seen that it was the same in both these cases. 

The following single obsenrations show the degree to which 
the thermometer was heated with different charges of the bat- 
tery ; the knobs of the instrument for measuring the qoantity 
of electricity in the batteiy were half a line distant mm one 
another. 
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Heat in the discharging circuit when iuterrupted by air of 
1 liiic of mercury pressure. 
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The followin*^ is tlu; result of all the above observatious, 
showing the relation between the heat developed and the direc- 
tion of the discharge current : — 

Current from the surface to the k!inb : heat 100. 
' Current from the knob to the surface : heat 108. 

In another series of experiments, the knob in the glass cylin- 
der was 2*7 inches distant from the platinum sur&ce in the glass 
plate. 



QiMatil;^ of dcctiicikj. 
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Here is the mean result : — 

Current from the surface to the knob : heat 100. 
Cuiiciit from tlie knob to the surface: heat 140. 

In order to employ stronger charges of the battery (up to a 
quantity of electricity equal to 16), I replaced the thin platinum 
wire in the thermometer by a thicker, and found the following 

to be the mean result of four observations : — 

Current from the surface to the knob : heat lUU. 
Current from the knolj to the surface : heat 130. 

The knob in the glass cylinder was replaced by a horizontal 
brass disc, l^ths of an inch in diameter, and 1 line distant from 
the platinum surface in the glass plate. The results were :— 

Current from the surface to the disc: heat 100. 
Current from the dise to the suilaoe : heat 12^ 

I removed the dise so that the brass rod alone remained in 
the glass cylinder; it was 2f4 inches long, and its point was 
j^ths of an inch distant from the platinum surface. The follow* 
mg were the results : — 
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Current from the surface to the rod : heat 100. 
Current from the rod to the surface : heat 122. 

Lastly, the diseharge circuit was elongated by a platinum 
wire, 16 feet long and 0*057 line thick; the knob was again 
placed in the cylinder at a distance of ^ths of an inch from the 
platinuin surface, and the charge of the battery was increased to 
a quantity of electricity equal to 16. The mean results were ; — 

Current from the surface to the knob : heat 100. 
Current from the knob to the surface : heat 105. 

In all the numeroaa experiments which were instituted, and 
in which the dischar^ eurrent of t!u battery passed through air 
rarefied to 1 or 2 lines of pressure between a small and a com- 
paratively great, but arbitrarily- shaped metallic aarfacc, a differ- 
ence was observed in the heating effect Upon the discharging 
wire aeeording to the direction of the corrent ; this difference, 
however, although sometimes greater and sometimes less, was 
always in favour of one and the same direction. From the above 
experiments, it will be seen that the greatest heat was produced 
when the direction of the current wn^ thn same as that whirls, in 
the first-mentioned experiments wiih a magneto-induction cur- 
rent, produced a very small, or no deflection of the magnetic 
needle. If 'hen the discharrjp current of a Leyden battery passes 
through very rarejied air hetu-rpn a very small and n eomparativehj 
large metallic surface, the heal produced if( fhe remaining part of 
the discharge circuit ts greatest whan the current jiasses from the 
large to the sniaU surface. The meaning of a very small surface 
will be hereafter explained. 

Tiiib ituiarkable and hitherto unknown change in the action 
of au electric discharge is easily explained by known facts, I 
satisfied myself that the battery was equally well discharged 
whatever might have been the direction of the current. As the 
discharge circuit had the same constitution in both cases, the 
difference in the heating power of the current could only be 
occasioned by the method of discharge. It is well known that 
a diange in the heating effect, occasioned hy a change in the 
method of discharge, can be shown in the clearest possible man- 
ner. When the discfaaive drcait is intermpted by a thin stratum 
<d distilled water placed between metallic plates, and when the 
strongest charge of the battery which will pass noiselessly through 
the water is employed, a delicate electric thermometer is neces- 
sary in order to detect the small amount of heat which is thereby 

Siodaoed in the disdiar^ wire. If the plates immersed in water, 
owever, are broaght inappreciably nearer to one another, the 
discharge passes through with a spark, and at the same time the 
heating effect in the discharge wire is so great that the thermo- 
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meter no longer suffices for its measurement. Again, when the 
discharge takes place in five air between r knob and a very fine 
point, whose distance asumU r is so i ( Liulated that no spark 
ensues, the heating effect in the wire is very small ; whereas it is 
very great if the hue point is replaced by a blunt one, so as to 
cause a spark between the two ehetiocles. In both eases where 
the spark appeared, the time during which the siunc quantity of 
electricity was discharged was greatly diminished ; hence, accord- 
ing to a well-known law^ the heating effect was greatly increased. 
Eucdv in the Hune manner aa ira m able to change the mode 
of diaeharging a battery through waiter and throiigh free air by 
bringing the eteotrodes nearer to one another, and by changing 
the form of one of them^ we oan^ ai the new experiments ahow, 
attain the same end in very rare air by diminiahmg the negmtrre 
aleetiode* The battery charge can pass throogh rarefied air, 
between arbitrarily-shaped electrodes, in two essentially different 
waya. In the firat, which might be called the glimmering man* 
ncTj a reddiah luminooa cone of air takes part in the discharge 
its summit touches the positive electrode, and its base lies always 
at some distance from the negative electrode. The stratum of 
air in contact with a great part of the nepfRtive electrode takes 
part in the discharge in a less degree, and glows with a peculiar 
blue hght. The second manner of discharge is that which I 
have called discuiitinuous. A narrow cylinder of air touchmg 
both electrodes takes part in the discharge, is rendered white 
hot, and hurst asunder in the same manner as a metallic wire ia 
which connects both electrodes, and whose diameter does not 
exceed a certain limit dependent upon the charge of the battery. 
The glimmering discharge takes place ao alowiy, that the sor* 
fhoes of both dectrodes remain uninjured, and only a small 
amount of heat is generated in the whole discharge cireait» 
whereas the disoontinnoas discharge tears away parts m the elee* 
trodes, scatters them red-hot on all aidea, and heata the discharge 
chrcuit. Whatever may be the distance between the electrodes^ 
the glimmering can be converted into the discontinnona discharge 
by increasing the density of the diKharged qnantity of eh»e« 
tncity, by the admission of air^ Or, as out late experiments justify 
us in concludingi by diminishing the magnitude of the negative 
electrode. That is to say, if the surface of the neirative elec- 
trode be very small in comparison to the surface which, with the 
employed density of the discharged quantity of electricity, would 
have been covered witii a gimimeriug light, the discharge instead 
of being glimmerinp: mW be discontinuous. Tlic recorded ex- 
periTiients are in complete harmony with this reinaikable con- 
cluftiuu. When the direction of the discharge current was from 
the small platinum surface to the naked knob, the brass rod, and 
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the inferior plate, that is to say, when the neocative electrode had 
a sufficiently lar^e siijx rticial area, of the niany ])artial dischari:;c8, 
which, with decri asing density, constitute the discharp-e of the 
battery, a j)art of the last, owing to their small tension, must 
have passed as gUmmering discharges, and thus have exercised 
no ht'atin<^ effect. When, on the contrary, the direction of the 
current was from the knob to the small platinum su!*face, the 
negative electrode was liiiiiLed la magnitude, and a pait of the 
glimmering must have been converted into discontinuous dis- 
charges, and thaa become effiBetnre in heating the circuit. Hence, 
in aooordance with experiment^ when the ducharge pasies from 
the rarface to the knob, the heat in the remaining part of tha 
diaeharge eircnit mnat be amaller than when the diacharge haa 
an oppoaite direction. It ia evident that the number of the 
Simmering diaoharges which become effective by leveraing the 
current diffeia according to the form and distance of the elec* 
tfodes. Cases may preeent themselves where the difference in 
the heating effect ia inappreciable ; but wherever it does occur, 
it must be in favour of the stated direction ; and this, without 
exception, I have found experiment to corroborate. The expla- 
nation above given is also supported by ocular evidence. If the 
cyhnder is placed in the shade, and observed during the time 
that the dij^eharf^c passes from the knob to the surface, a brilliant 
, light i>s iiotif ed in tlie space between the electrodes, whilst the 
knob and rod are but feebly luniuious. it may here be remarked, 
that this brilliant light between the electrodes consists of two 
dazzling colours ; at the uegaLive electrode it is reddish- violet, 
at the positive greenish-blue. When, on the contrary, the dis- 
charge passea from the aurfaoe to the knob, a broad voddiah 
light ia obaervable, not on]y behreen the electrodea, bat through- 
out the length of the glass cylinder, and atrctehing over the 
knob and rod. In the laat caae, the expUmatton aappoiea that 
a great part of the diachargea aie glimmering. 

In free air, when the dSiM^arge apark paiaea between a very 
small surface and a knob, no diffcrenee between the heating 
effecta in the discharge circuit is obiervable when the direction 
of the current is changed. We have yet to examine, therefore^ 
to what degree the rarefaction of the air must be carried in order 
that this difference may be obser\^able. The glass cylindpr was 
ficrewed on to the air-pnin]) and kept in commnnieation with tlie 
barometer test, the foot and clamp of the cylinder w( i e connected 
with the discharpre circuit of the battery, by means oi Ion-; copper 
wires, after the tiiermometer had also been mtixjduced mto it. 
The knob in the cylinder stood at a distance of ^ths of an inch 
from liit small surface. In the followinj^ table the lieatin^ edccts 
corresponding to the uiut oi cliargc aie giv cu, each oi which waa 
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calculated from foiirthennometric observatioD!^ ; in the fyuithline 
the beating effect with a positive knob is privcti, that with a positive 
surface and equal pressure of ail' being sujjjjoseU equal to 100, 



Heating effects ia the discharge circuit when the latter is 
interrupted by rarefied air. 
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The increase of heat by reversing the discharge in the glass 
cylinder, and thus making the knob tlic positive instead of the 
negative electrode, dccronsr^ qnirkly witli iiuicasing pressure of 
air, aiul is no lon<j:er perceptible at a pressure of 2,j inches. An 
interesting; c oi i uboration of the theorem, that in these experi- 
ments two essentially different kinds of electric discharge are 
involved, is presented by the circumstance, that, in the line A, 
the greatest heat occurs when the air is most dense (3^ inches 
pressure), and, in the line B, when the air is least dense (Ijf th 
of an inch pressure). 

In fact, when the greater part of the partial diieharges vrm ^ 
glimmering, the admwnon of air mnat have prevented the 
mering, and therehy rendered theae diadiargea efifoetive in the 
generation of heat. When, on the contrary, the majority of the 
partial discharges were discontinuous, the increased quantity of 
air had the effect of increasing the interval between the several 
partial discharges, and, consequently, of diminishing the heating 
effect* Insomueh as, in reference to this heating effect, theae 
opposite actions simultaneonsly took place in every experiment, 
it cannot appear surprising that sometimes the one, sometimes 
the other nrtion was in excess. Thus, in order to explain the 
observation in the line A with f'Tths of an inch pressure, we 
must assume that by changing the pressure of air from j\ to 
■j^g, the effect due to the prevention of the glimmering is in 
excess, whilst at ^ths of an inch pressure the retardation of the 
discontinuous diseharGres is perceptible in the observ ation, 1 lom 
3^ inches pressure upwards only one kiud of discharge, the dis- 
continuous, appears to exist, whatever may be the condition of 
the electrodes ; and, in fact, at 2^ inches pressure it was no 
longer possihle to detect any difference in the luminous phmo*' 
mena in the eylmder when the knoh was positive and when it 
was negative. In hoth eases a bright, hroad expanse of light 
waa alone visible in the space between the eleetroaes. 
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As might hare been predicted^ the discharge of the battery^ 
after its paaaage through air rarefied to -j^th of an inch pressure^ 
produced no deflection of the galvanometer needle. When one 
end of the galvanometer coil was connected with the conductor 
of an electric machine by means of a wire and the cylinder of 
rarefied air^ the other end being in connexion with the earthy a 
considerable deflection of the needle was caused by turning the 
machine; no constant change in this deflection, however^ wss 
observable when the position of the cylinder in the circuit was 
changed, a result which will not surprise when the uncertainty 
of the experiment is considered. 

ExperimeiUa on the Imiuclwn Aj/paratus. 

The small induction apparatus, described at the coninicnce- 
iiirnt, was excited by means of one of Daniell's elements, and 
the bundle of iron wires half withdrawn from the primary foil. 
The roil <it' a delicate galvanometer was introduced iiitn ihv cir- 
cuit of the induction current as wcil as the p^lass cyimdcr used 
with the Leyden battery, containing air rarelied to -j'^.th or Jth 
of an inch of pressure ; lastly, a commutator was introduced so as 
to change the direction of the current in the «rlass cylinder with- 
out altering anything in the remaining part of the circuit. This 
position of the commutator was cliosen in order to simplify the 
experiment itself, as well as its description ; if the commutator 
is applied so as to reverse the direction of the induction current 
throughout the whole of its circuit, or, indeed, that of the voltaic 
current in the pi inuiry coil, an audible chanpre in the play of the 
tongue connected with the induction appaiaLus ensues, which 
has the effect of still further complicating the experiment. Within 
the cylinder was a brass knob |ths of an inch thick, which was 
at first placed at a distance of |ths of an inch from the platinum 
snriace. When the small surface was the positive electrode, that 
is to ssTi when it was connected with what was at first defined 
to he the positive pole of the induction apparatus^ the needle of 
the galvanometer suffered a normal and maximum deflection of 
70^; when the knob was the positive electrode^ an abnormal 
deflection of 10^* By a normal or an abnmrmai deflection is to 
be understood one which does, or does not, correspond with the 
direction of the current. On repeating the experiment, a nor- 
mal deflection of 10*^ was obtained when the knob was positive. 
The knob was withdrawn to a distance of 1-^^ inch from the 
platinum surface. The knob being negative, 1 obtained a nor- 
mal deflection of 40° or 50°; but w hen the knob was positive, a 
small abnormal deflection, which afterwards changed to a small 
normal one* When the knob and surface were 2 § inches asunder, 
it w«a neoessary to inerease the intensity of the induction current. 
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by poahing the bundle of iron wires farther into the primary 

coil, in order that the current might traverse the space between 
the electrudes. In both positions of the electrodes the deflection 
was normal, but it was greater with the knob negative than 
positive. A sTnallcr knob, vi'yth of an inch in diameter, was 
plufrd at a distance of |Uhs of an inch from the small surface 
in the cover. When the knob was negative, the deflection 
amounted to GO and was uonnal ; when positive, the dellection 
was zero at the moment of closinj> the circuit, but passed into a 
normal or au abnoruiiii one of 10 . Tlie knob was replaced by 
a horizontal brass disc, |^ths of an inch m diainclcr and 1^ inch 
distant from the platinum iiurfacc. The disc being negative, the 
deflection was normal, and attained the maximum ; when posi* 
tive, it was abnormal, and amounted to 20^. I varied theeeex- 
perimenta in numerous ways, but the common result of all wans, 
that when the small platinnm surface was positive, thedefleetton 
of the needle was alwaya normal, and always occurred imme- 
diately after closing the induction circuit; when, on the contrary, 
that surface was negative, the deflection was sluggish and retio* 
grade. That in the last case the deflection is sometimes ab- 
normal, has been observed also by M* Ghiugain, who^ had he 
taken die observation sufficiently into consideration, would not 
have been led to the erroneous conclusion which lie has drawn 
from his exjicnnients. For there are undoubtedly two oppositely 
directed iiuliiction currents acting in these experiments: the 
interruption current, in veferenee to which the poles of the in- 
duction coil have been dcrined; and (he contact current, in refer- 
ence to which the names of the poles of the induction coil must 
be changed. The action of the two opposite currents can be 
demonstrated by iiieaiis of a deeomposnig apparatus still more 
successfully than by the galvanometer. Besides the galvano- 
meter and the cylinder of rarefied air, in which a knob was plaeed 
|ths of an inch from the small sur&ce, two platinnm pointa were 
mtrodooed into the induction eircuit ; they were abont one inch 
asunder, and stood on a piece of paper moistened with iodide of 
potassium. As before, the commutator changed the direction 
of the induction current in the glass cylinder aJone. When the 
small surface in the cylinder was connected with the positive 
pole of the induction coil, the stain of iodine in seven successive 
experiments appeared only under that platinum point which was 
positive in reference to the interruption current ; when, on the 
contrary, the surface was in communication with the neirntiN e 
pole, the stain of iodine in thirteen experiments appeared eight 
times under the other platiinim ])()nit alone, and five tirues under 
both points. The knob in the eylnider was next plaeed ly^^r 
inch distant from the small surface : when the latter was posi« 
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tive, the iodine staiii appealed five timei under the aboiv«»*de6ned 
poeitive platinnm point ; when the snrlaee was negative, font 
times under the other point. When ths whole current of a iiukj- 
iiela-Mdbictien apparaim i$ trunmUted through very rariified air, 
bo h o ein a vory mnaU and a eomparativdy grud mtrface, the hUer" 
rvptkn eunmU dome tremreee the space between the surfacee when 
the emtU one, m rrferenee to that current, is poeitive; when, on 
the contrary, the email eurfstee ie negaUve with reqteet to the m- 
terruption current, the contact current ie aleo transmitted. 

It has long been known, that^ on account of the email tension 
poeeeaeed by the eontaet eurrent, the interruption current ie the 
only one which can traverse a space of air. According to Poggen> 
doeff*, this small tension of the contact current results from the 
production of a closed conducting circuit in the neighbourhood 
of Uie induction coil when the primary circuit is closed. Thus, 
although M. Gaugain concluded from his experiments^ that, with 
• certain form of the electrodes, the interruption murent didnol 
pass through very rarefied air, it follows from the present inves- 
tigation^ that in reality both the contact current and the inter- 
ruption current are transmitted in this case. Consequently, if 
the term valve is still aj)plied to Gaugain's apparatus, it must be 
consideird as n valve for the contact currcT^t, and not for the 
iiiti'iTuption current. A glance at the li[nnii(m«« plKciiomeuou 
furmahes a corroboration of the above theorem, it, indeed, any 
were required. In order that the light might be more sharply 
dc'fined, I bad the brass knob in the cylinder, as well as the disc, 
stamed black so as not essentially to injure the conduction at 
their surfaces. W hen the small surface was positive, the lumi- 
nous phaeuomenon \n as the same as that which takes place be- 
tween two equal knobs, and whieh has often been described. A 
small, well-detined cone of reddish light extended from the snmll 
surface to the negative electrode, and ended at some distance 
thcrclrom, so that between the base of the cone and the negative 
electrode a broad dark space remained. The whole surface of 
the negative electrode, whether its form was that of a knob or a 
disc, was surrounded by a beautiful blue light which stretched 
also over the rod. The light was throughout equally bright and 
qniesoent. When, on the contrary, the small surfaoe was nega- 
tive, the light began immediatdy to fiieker and change ita in- 
tensity. When the current had been previously regulated so as 
to produce a venr small deflection of the magnetic needle, or 
none at all, the form of the light waa much the same as before. 
The reddish light of the positive electrode only waalesa distinct^ 
defined : it extended itseu until it reached the negative ebctrodb 
without leaving a free dark apace. The negative electrode itaelf 

« pyi. Msg. w>l. a. p. 124. 
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was only partially surrounded by a blue lightj that is to aay, it 
extended only over the anterior hemispbere of the knob or the 
anterior surface of the disc. When the current was inereaaed^ the 

blue lifrlit was confined to a still smaller space, and was momen- 
tarily hidden by the broad reddish sheaf of light which eactended 
between the electrodes. When these luminous phsenomena have 
been once observed in the dark, it is easy to recognize them 
in daylight by merely shading the rylindcr, whatever connexion 
the electrodes may have with the induction eoil. 

The experiments with the Leyden battery serve to explain 
the phscnomcna of tlic induction apparatus. It has liet u sliowu 
that the electricity in the battery generates a less amount of lieat 
in the discharge circuit when it is transmitted through rarefied 
air from the buiall to the large surface. The same lakes place 
with the interruption current of the induction apparatus. A 
brass disc was placed in a glass cylinder at a distance of 1 line 
from the small surface in the cover, jund the cylinder^ together 
with the delicate electric themiometer» introduced into the cir- 
cdt of the induction coil. The heat produced was in general 
small, but considerably smaller when the direction of the inter- 
ruption current was from the small to the large snriace. When 
the large disc was negative^ the liquid iu the thermometer sunk 
from 1 to 3 lines ; when that disc was positive, from 5 to 6 
lines. I obtained a constant result by allowing the current 
passing from the great to the small surface to continue for some 
time, until the liquid in the thermometer attained Its knve;^t 
position ; tlie sudden reversion of the eurrent ininiLdintciy caused 
the liquid to rise. By simultaneously intrudueing a galvano- 
meter into the circuit, it was found that the greatest heat was 
produced when the deflection of the needle was smallest, and 
the smallest heat when the deflection was greatest. With the 
Leyden liattei y uu doubt can be entertained that the change in 
the heating effect is occasioned by a change in the method of 
discharge, that an increased heating effect is produced by con- 
verting the slow glimmering discharge into the much more 
quickly complied diBcontinuons discharge. If a similar change 
in the discharge of the interruption current of the indoction 
apparatus be assumed, the cause of the changed action will be 
the same, and that of the passage of the contact current will be 
found. From experiments with the Leyden battery, it is known 
that the conversion of tlic glimmering into the oiscontinuous 
discharge occasions a less deflection in a galvanometer introduced 
into the circuit, as well as a diminution in the quantity of any 
substance decomposed in the circuit. Whilst thr p-limmering 
discharge does not mjui'c the electrodes, the discuutmuous dis- 
charge tears parts of them away, and scatters the incandescent 
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ptrticles in tiie sDace betireeD the electrodes. Thb space will 
consequently oonduct electricity better^ and the contact cnmnt 
can pass as a glimmering diseharge. That for the transmission 
of this eorrent a perfeet conductor is not necessarVj is proved by 
the fact that the same can be transmitted through a long strip 
of tderably moistened paper. These premises being granted^ 
the observed aetions of the induction current can be deduced 
without difficulty. When the whole enrrent of the induction 
apparatus is passed through well-rarefied air, between a small 
and a large sur&ce, and the direction of the interruption current 
is from the small to the large surface, this current alone is trans* 
mitted, and that as a glimmering discharge : in the discharge 
circuit, therefore, only a small amount of heat will be generated, 
a galvanometer will be strongly and constantly duflected in one 
direction^ and an electrolyzable substance will be decomposed in 
the ordinary manner, so that a certain constituent of the same will 
be separated at a certain electrode. If the direction of the current 
be reversed, so that the interruption current pass through the 
rarefied air from the great to the small surface, this current will 
sxiflPer partial discontinuous discharge ; hence a greater heat will 
be produced in the discbarge circuit, the deflection in the galva- 
nometer will be less, and a smaller quantity of tlic electrolyte 
wili be dccnmposed. These actions will be moditied by the 
giuiiuK discharge of the contact rurrcnt, which can now 
pass ill consequence of the greater conductibility of the sj)aee, 
its heating action will bp weak, ilie dctlection and decomposition 
which it causes will both be strong, and in direction opposed to 
the corresponding actions of the interruption current. The de- 
flection of the needle, therefore, can be still further diminished, 
or destroyed, or even reversed; the separation of a particular 
constituent at the former electrode may be prevented, or it may 
even be disengaged at the opposite electrode; or, lastly, the 
effects of both currents may remain perceptible ; the constituent 
in question may be separated at both electrodes, and the needle 
may be deflected iomcumes on one side, sometimes on the other, 
la fact, this changeability in the result takes place, not only in 
different experiments, but frequently in the same experiment ; 
nor can it surprise one who reiiccts that it is produced by the 
changeable successive action of two opposite currents. On the 
contrary, with the former direction of the induction current, the 
result, being influenced by one current only, is always essenUally 
the same. 

Though not immediately connected with the subject in hand, 
I may here remind the reader of a paradoxical fact upon which 
some light may, perhaps^ be Uirown by the above-proved influence 
of the intenruption current upon the passage of the contact 
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enmiit. THien the cumnt of a poweifbl Tolttie bftttay jt 

allowed to pass in a Inminoiu maimer between two wim in firee 
air, the wire which forms the positive electrode is more heated 
than the other, and is the first to beoome incandescent and to 
fuse* When, on the contrary, the current of an induction ap» 
parataa is allowed to pass with sparks between two equal wire 
points in air, that wire only becomes incandescent and fmcs 
which forms the nrfrative electrode of the interruption current,^ 
and which, as 1 1iil\c linvj: aprn shown, ciin be easily recognized 
by the covering ut' blue ^liminmiiL'' liirbt ujion it. Hitherto 
this pamdux has not hww s iUrd, 1> it not [jussible that the 
interruption current, part ut wkicii apparently passes here as a 
glinimerinjr discharge, has but little heating efiFect, but on the 
othci- haiid incrcasea the conductibihty uf the space, and iacjU- 
tatcs the passage of the contact cuiTent, which uianife&ts itself 
principally by the incandescence of the wire end ? It wottld then 
be the poiuhe deotrode of the latter eom&t wbieb prodneed the 
greatest beat, so that between the action of a Tolttie and that of 
■n induction current no difference would eiiat. Tbia would be 
a very simple and acceptable sohition of the paradox. 



The above research by Prof. Riess was communicated to the 
Academy of Berlin on the 18th of June, and shortly aftenvards, 
on the 30th of July, M. Gaugain made another eommunication 
to the Academy of Paris "On t)ie Kk'ctric( ouduetibiliiy of Air*."" 
Having showu in a preeeduig eommunication t, that, within 
certain limits, the conductibihty of air appeared to deerease with 
its density, he deemed the fact of sufficient theoretical miport^ 
aucc to dcDiiuid re-exauimation, with a view of more completely 
substantiating the fact. In hi6 la^t research, the apparutui de- 
scribed under the name of an electric valve was sometimes em- 
ployed, and sometimes simple tubes with metallic wires for elec- 
trodes. Thesinecal result obtained with all the apparatnt was 
the same. When the induced currents of Bubmkorff's apparatus 
were passed through aur whose density was giadualfy dimmiahed, 
the intensity of &b dectricityj as shown by a galvanomflter, 
began at first to increase (departing from the atmospbefie 
pressure), attained a maximum, afterwards began to demaae, 
and finally attained a minimum value wkm the vacuum was as 
perfect as possible. The density of air corresponding to the 
maximum intensity of current varied with the magnitude and 
disposition of the apparatus, with the distance between the elec- 
trodes, and with the supeificial magnitude of the latter. At one 

♦ Comptes Rendus, toI. xli. p. 152, 

t Iliid.fol.aLp.64O,aDdPluLMi«.ToLx.p.S07. 
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time tibia density ipbs a» low as 2 iiii]Uiii».,«t another as hig^h aa 
50 mUlima, In general, when the negative electrode presented 
a large anrface, and the thickness of the air traversed by the cur* 
rent was oonsiderable, the period during which the intcnsitiea 
increased was of great extent, and that during which they de* 
creased scarcely appreciable ; on the other hand, when the surface 
of the negative electrode was very small, the period during which 
the intensities increased embraced only a sinall number of de- 
grees, that (Iiuiiilt which they decreased beitiu unrntly extended. 
When the ciectnc valve was employed, the intensity of current, 
corresponding to the most perfect vacuum an ordiuary machine 
is capable of produciug, was sensibly equal to zero ; with tubes 
cojjtuiiiiiig electrodes of metallic wire, the intensity of current 
eorrespondiug to the most jierfect vacuiiHi was always a maximum, 
but never zero, aud in these cases the period during which the 
inteoeitiea diminished was not well defined so long as the distance 
between the electrodea was amall. 

The manner in which Ftof. Riess would view these results 
ia already known; the following explanation is proposed by M, 
6augain>--''When an eieetrie current traverses a space eon* 
taining air^ the resistance with which it meets ought to vary, as 
in the ease of liquids, with the mean section of thegaseou^^ space 
which serves to conduct the same. The dimensions of this 
apaoe cannot» it is true, be immediately ascertained, though it is 
natural to suppose that they are closely related to those of the 
sheaf of light which is observable. This hypothesis being ad- 
mitted, we must conclude that when the negative electrode pre- 
sents a lai'f^e surface, the mean section of tlic nirrerit continually 
increases with the increased rarefaction of tlieair, for experiment 
proves that in this case the sheaf of light coutinually expands. 
The result is, that the increased section compensates, in a certain 
nieasurc, for tlu* diminution of conductibility, which is a conse- 
quence of the diiiuiuition of the clastic force of the an . When, 
oii the contrary, the surface of the negative electrode is very 
limited^ the conducting space formed by the reunion of the 
elementary currents cannot dilate^ nothing compensates for the 
diminished conductibility, and consequently this dimmution 
manifests itself/' 

After observing that in the above explanation it is assumed 
that the same laws which govern the transmission of currents 
through liquids also apply to gases, M. Gaugain cites an ezpe* 
riment as an additional justification of the assumption. An 
aii^pump receiver was procured, in the upper part of which waa 
a cofiper rod sliding, air-tight, in a leather boz| alter exhausting 
the air under the receiver, the plate of the air-pump was con- 
nected with one pole of lluhmkorff's apparatus, and the rod with 
the other ; the usual sheaf of light was seen between the copper 
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rod and the plate of the air-pamp. An insulated thin disc of 
tin was now placed between the electrodes, at a distance of 5 or 
6 ccntimrtres from each of them ; the luminous appearance 
within the receiver was completely changed. When the current 
trevci sed the cylinder from top to bottom, a cone of red light 
descended from the copper rod, and the upper surface of the disc 
was covered with a blue light ; a second cone of red iiglit de- 
scended from the luwer surface of the disc, and a second covermg 
of blue light surrounded the exhausting tube of the air-pump. 
Thus the tin disc constituted a (loul^ie pok^, in exactly the imme 
manner as when a im tallic dibc i?. plated butweca the tlecuodes 
in a liquid electrolyte, its surfaces become contrary poles, and 
the reaistanoe in tlw circuity iastead of being diminiuied, is in- 
creased. This fact being established, the copper rod was next 
depressed so that its lower extremity approached the tin disc ; 
the latter was then pierced as a sheet of paper would have beeui 
and the current passed unbroken through the tube which wu 
formed; only one cone of red light, only one dark space, and 
only one blue covering was then seen. M. Gaugain considen 
this a decisive proof that electricity suffers resistance in its pass* 
age from a solid to a gaseous, or from a gaseous to a solid body; 

for it is clear," says he, " that the obstacle which compels ttoc 
current to pierce the tin disc docs not proceed from the resist- 
ance due to the TiH'tnl itself, iiirismuch as this resistance is much 
more feeble than that ol ttie au- displaced by the tin." 

The coTiductibility of the partial vacuum obtained by means 
of an air-pump being so small, it was natural to expect that the 
more perfect one in a barometer tube wouUi be still less con- 
ductiblc. M. Gau2:ain proved this by connecting the poles of 
iUihiiikorff's apparatus with the mercury, and with a platinum 
wire fused into the top of an ordinary barometer tube. He 
foimd it impossible to obtain the least appearance of light in the 
barometer cliamber when the distance from the summit of the 
mercurial column to the platinum wire exceeded 8 or 4 milUma.^ 
although he employed six of Bunsen's cells. 

This result is in opposition to one obtained bv M. MassoD, 
and communicated to the Academy on the 7th of Feoruary, 1858; 
but M. Gaugain accounts for this divergence satisfactorily. In 
fact, the greatest possible care is necessary to expel the air and 
moisture in the barometer tube; indeed, when all precautions 
have been taken and a vacuum obtained which will not allow the 
induced currents to pass, the application of a spirit-lamp to the 
top of the tube for a few moments is suflBcient, although it may 
have become; cool after\vtird^, to make the vacuum conduct the 
curiT-iits auMiii. It ajipears tliat. the tubes used by Masson were 
heated by a lamp aiter the introduction of the mercury, and 
hence his results. 
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XliL On ike Molecular ConstiitUion ofCrfeUde* 
By James D» Dana, 

7h ike BMton of Ike PkUosophieal Metgasme mi Jonmai, 
Gbntlbmbn, 

IN a communioation to your Journal for August last^ by Mr. 
R. T. Forsttv, the author nuJces a statement wbidi 1 beg 

the privilege of oonecting. 

Mr. Forster says, speaking of my vieWB on twin- crystals, 
published in the Americao Journal of Science for 1836, that the 
ideas were directly borrowed from Sir David Brewster/' and 
that the paper by Sir David, containing his views, " was quoted 
by Dana in the American Journal of Science, and formed the basis 
of his investigations, without, however, being acknowledged." 

At the time of this (jtioting by Dana" in 1832, I was still 
in my teens, and for fourteen years afterwards I had no con- 
nexion with the American Journal, and was not in expectation 
of any such connexion. Insteiid of Sir David Brewster's paper 
forming the basis of my investigation a, I had not at that time, 
culpable though it in;iy aj)])ear, perused his yjajM^r. The con- 
clusions were mainly arnvcd ut riuriim; a cruise at sea in the 
years 1833 and 1834, when I had by nic only a copy of Phillips's 
' Mineralogy/ from the measurements of crystals in which ex- 
cellent workj not knowing at that tiine in my solitude what 
had been done by others, 1 devised also the Haiiyan method of 
erystallographic cakuktion. In my pa^cr, publiahed in 1836, 
I dte the opinion <tf Volts as to the existence of three axes of 
attraction in moleeulesy and obviously do not daim originality 
on that point, the main one in wMch the theories agree. In a 
later paper in the American Journal of Science, 1847| vol. iv. 
p. 169, on "Cohesion/' I have alluded to the observations of 
Sir David Brewster, and made a citation from his paper. The 
views I have brought forward are different from his in my regard- 
ing the axial dimensions of the molecule to be those of the cry- 
stal, and not a resultant between the pressure from the combining 
attraction and the dimensions: and on the subject of twin-crystals, 
I am not yet aware that anything has hvow written by Sir David. 

I have the highest admiration for the labours of Sir David 
Brewster, and on the points of ditfereiu i', while sustainmg my 
own f)])iiiions, would not venture to sifHrni my own correctness, 
knowing that the subject of molecules is the last that science 
will clear up. I write, not to make claims of originality, but 
simply to correct an erroneous statement^ and disavow all inten- 
tional injustice. 

Very respectiuliy, your obedient Servant, 

New Haven, Conn., James D. Dana. 

September 16, 1856. 

PkU. Mag, S. 4. Vol. 10. No. 67. iVbv. 1855. Z 
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XLII. Oi MTfom avtottf Motions obtern^k tk§ Smfrem ^ 
Wvm and other AkohoUe Liquon^ By Jamkb Thokson, 

A,M., C.E., Belfast*. 

THE phnpnomena of r:ipillary attraction in liquids are ac- 
roTiTitrd for, accordiug to the generally received theory of 
Dr. Young, by the existence of forces equivalent to a tetiMon of 
the surface of the liquid, uniform in all directions, and indepen- 
dent of the form of the surface. The tensile force is not the 
same in different liquids. Thus it is found to be much less in 
alcohol than in water. This fact affords an explanation of scvenil 
very curious motions observable, under various circumstances, at 
the surfaces of alcoholic liquors. One part of these phsenomcna 
is, that if, in the middle of the surface of a glass of water, a 
small quantity of alcohol or strong spirituous liauor be gently 
introdnoed, a rapid mshing of the suifaoe is found to occur out- 
wards from the place where the spirit is intiodnoed. It is made 
more apparent if fine powder be dusted on the surfiMe of the 
water. Another part of the phsenomena is, that if the sides of 
the vessel be wet with water above the general level surfiwe of 
the water, aud if the spirit be introduced in sufficient quantity 
in the middle of the vessel* or if it be introduced near the side, 
the fluid is even seen to ascend the inside of the glass untii it 
accumulates in some places to such an extent* that its weight 
preponderates and it falls down again. The manner in which I 
expuun these two parts of the phenomena is, that the more 
watery portions of the entire surface, h^vinp: more tension than 
those which are raorr nlcoholic, dr-dix the latter briskly away, 
sometimes even «o as to form a horizontal ring of liquid high up 
run 11(1 the interior of the vessel, and thicker than that by which 
the jntt rior of the vessel wad wet. Then the tendency is for the 
various parts of this rnig or line to run together to those parts 
whi( li happen to be most watery, and so there is no stable equi- 
librmui, ior the parts to svliich the various portions of the liquid 
aggregat(; themselves soou become too heavy to be sustained, 
and so they fall down. 

The same mode of explanation, when carried a step further, 
shows the reason of the curious motions commonly observed in 
the fihn of wine adheri^ to the inside a wine-ghss* when the 
glass, having been partially filled with wine, has been shaken so 
as to wet the inside above the general level of the surface of the 
liquid ; for, to explain these motions, it is onhr necessary further 
to bring under consideration that the thin film adhering to the 

* Communieati d V)y the Author, having been read at the Meeting of tiie 
Bnfciah Aswciatioa at Glasgow. 
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inside of the p:lass must very quickly becumc more watery than 
the I'LJit, on accfniiit of the evaporation of the alcohol coutaincd 
iu it being more rapid than the evaporation of the water. 

That this part of the explanation is correct, or that these 
motions of the film in the wine-glass are really due to evajpora- 
tion, may be shown by a very decisive experiment. If a vial be 
partly filled with wine and shaken, and then allowed to rest, no 
motion itf the kind detcribed will be fbond to ooeor in the thin 
film wetting the inside, pnmded that the vial be kept corked. 
On the eork being removed, however, and the air contained in 
the vial, and flatnratod with the vapour of wine, being withdrawn 
by a tnbe» to aa to be replaced by fresh air capable of producing 
evapontioni a liquid film is instantly to be seen creeping up the 
interior of Uie vuil with thick or visddplooking pendent streams 
descending from it like a fringe from a curtain. These appear* 
anees are quite of the same kmd as those met with in the open 
wine-glass. 

Another experiment may be made to show, in a verr striking 
way, the phenomenon of the more watery portion of the snrfroe 
of a mixed liquid drawing itself away from the more alcoholic 
portioa as follows : — If water be poured to the depth of about * 
a tenth of an inch or less on a flat silver tray or marble slab, 
previously cleaned from any film which could hinder the water 
from thoroughly wetting its surface ; and if then a little alcohol 
or wine be laid on the middle of that water, immediately the 
water wiH rush away from the middle, leaving a deep hollow 
there, and indeed leaving the tray bare of all liquid except an 
exceedingly thin film of the spirit, which continues always thin- 
nest dose to the margin <tf the water, because the water draws 
out to itself every poraon of the spirit which approaches dose 
lo its margin* 

mie experiment alluded to near the commencement of the 
present paper, in which spirit was to be introduced into the 
middle of a surface of water previously dusted over with fine 
powder, may be well conducted as follows : — tube for supply- 
ing the spirit should be provided*, which may be three or four 
inches long, half an inch or three-quarters in diameter, and ter- 
minating at bottom in a small open point, which, if found too 
wide, may be partially stopped by the insertion of a piece of thick 
soft thread, such as a strand from the wick of a spint-lamp. A 
knot on the thread inside of the tiiljc will serve as a valve to cur- 
tail or stop the flow of the spirit when re([uired. Tlie surfaee of 

the water should be clean and iree ixom any kmd of peilicie, 

^ The tube of a smaU gUss fyiinge as told by apothecaries will serve 
the purpose wciL 

Z 2 
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■ueb aa Is aitea met with, and ia aometimea not eaafly avoided. 
It ahonld then be lightly dilated over with aome fine powder not 
apt to be quickly wet; Lycopodinm powder wOl aerve the piir* 
poae. Then the tube filled with spirit ia to be dipped with its 
open point into the surface of the water, and iusUmtly a nearly 
circular patch ronnd the point of the tnbe will be seen occupied 
with hqoid nuhing outwards and completely divested of the 
covering of powder, while on the part outside oif that patch theie 
will be seen, by the motions of the powder, one, two, three, ot 
many radial streams flowing outwards from the middle, and other 
return streams nr oddies flowing backwards to the margin of the 
patch, on arriving: at whirh each particle seems suddenly as if 
driven outwards v\ ith a rapid ini])ul«c. The margin of the cen- 
tral patch IS usually to be seen formed like as of leaves of a plant 
growing out all round, and some superniijiosed on others, and 
all in rapid motion. The natuie and causes of these forms of 
the margin, and of the eddies outside of the margin^ I have n<^ 
as yet been able satisfactorily to explain. 

Another experiment may be made which is quite in accordwicc 
with the explanations already given, and which, being due to con- 
densation of alcohol on a surface of water, is interesting when 
viewed in compariaon with that in which the motions were ahown 
to he prodooed by evaporation :^If a ailver spoon, perfectly 
wetted with water ao that a thin film adherea to it, be held over 
an open enp or veasel containing atrong alcoholi the aozfiMse of 
the uqnid will become greatly agitated with nnmerona motiona, 
which are to be attrihntod to the unequal and varying condensa- 
tion of the vapour of the alcohol at dmerent porta of the anrface 
of the fikoj according aa the vapour ia waftea aboat in fomea by 
the air. 

While engaged in the investigation of the phsenomena which 
I have now described, my attention has been turned to some 
other very interesting phacnomcna pre\'iously observed by Mr. 
Cornelius Varley, and described by him in the fiftieth volume of 
the Transactions of the Soci( ty of Arts, lie observed with the 
aid of the microscope nmnerous motions of extremely curious 
and wonderful characters in tluuis undergoing evaporation. 
Although I have not yet had it in my power to examine into all 
the phajnomena he has discovered relative to these inotions, yet 
I think that many of them, or all, are to be explained according 
to the principles I ha\ e now proposed. 

I have not had access to the Transactions of the Society of 
Arts to read Mr. Varley's paper in fuD, but I quote the follow- 
ing abstract of his reaulta firom Qoeckett'a 'Treatise on the 
Mierosoopef' Ist ed. p. 418: — ''The plan recommended b aa 
follows : take an animalcule-cage of moderate aii^ and upon the 
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tablet place a drop of turpentine or spirits of wine, &c., then 
tslulc over it the thin glass cover, but do not compress the fluid 
vcr\ much ; the microscope being placed in the vertical po- 
ftitiuii^ and provided with a magiul'ying power from 40 to 100 
diameters^ the contents of the cage are to be examined in the 
same way as if animalcules were contained in it. As the evapo- 
ration of either of these fluids takes phicc, numerous currents 
and vortices will be sccu, especially if a small quantity of finely- 
powdered coal be ground into them ; the particles of coal being 
very light, are held in suspension whilst the evaporation is going 
on^ ana are whirled about by the currents in different directions." 
The following fluids Mr. 'Variey has given as the best for the 
lUustxatioii (tf the currents':^ 

1. A dxop of spirils of .winei or of naphthsy ezhilnta two, 
tlire^ or fomr vortices or centres of cireiiktion, according to tlie 
siie of the drop ; and if these vortices are vimred laterally^ the 
lines of particLes will be seen forming oblique carves from top to 
bottom of the drop. 

"2* Oil of tnrpentine. shows a rapid eircnlation in two conti- 
nuous spirals, one to the right, the other to the left, around the 
drop* These meet in the opposite diameteri from which the 
particles sre carried slowly aerqss the diameter to the place of 
startbgj and this continues while there is flnid enough to let it 
be seen. 

3. If, however, the drop does not eioeed one-tentb of vn 
inch in diameter, it presents the appearance of particles oonti- 
nnally rising up in the middle, ana radiating in gentle curves 
to the circumference. 

'^4. If the liquid be put into a very small vial, similar motions 
are perceived, the particles when they have reached the side of 
the vial going down to rise np afterwards in the centre or 
axis. 

''5. If a bubble of air be enclosed in the liquid, motions 
similar to those described in No. 2 are observed in the part im- 
mediately in contact with the bubble. 

" 6, In a flat drop of new wine laid on the tablet or disc of 
the aquatie live-box, but not compressed by the cover, the motion 
was a regular uniform circulation, the particles rising from below 
at one end of the drop, then passing straight across on the sur- 
froe, and descending at the other end/' 
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XLIII. On Pressures of Saturated Vapmtrs. 
By W. J. Macquokn Baniune^ C',£.^ FJLSm 

7b ike EaUm if ik$ PkUosophieal Mttgtunm mi JtmmaL 

Gbntlemen, 

IN consequence of some rcuiarks which have been addressed 
to me respecting my letter on the above subject in the 
Number of your Magasine for October, I tlimk it detiiible to 
eipUun, that the formula 

logP»A-|-J- (2) 

is in no way deduced from the formula 

logP=a-A.logT-^ (8) 

and that the coeflBknentB A, C are not functions of a, b, c. In 
fact, the formula (2) was tiuggesUd ob probatk by the hypothesis 

of an attraction between the liquid and its vapour, as explained 
in the Numbers of your Magasine for December 185 land Decem- 
ber 1854 ; and A, B, C are part of an indefinite scries of con- 
stants determined empirically, so as to agree with M. Rcgnanlf s 
experiments; while (3) is the result of an independent hypo- 
theau as to a condition of saturated vapour, which may, as I 
have already stated, prove to be purely ideal, and respecting 
which, therefore, I refrain from entering into detailed investiga- 
tions until we possess exaet data as to the densities of vapours. 
The formula of Professor Uoltsmann, 

appears to ba nearly the same with that of Boehe, and i^av be 
held to constitute the/rs/ appraxinuaum towards die law of the 
maximnm pressm^e of vapours* 

I have the hononr to he, Gentlemen, 

Yonr most obedient Servant, 

W. J. MACqnoEN Rankini. 

Glasgow, October 1, 1866. 

P.S. Since the above remarks were written, Sir Johu l^uhbock 
has (lone me the favour to send me a table showing the ditier- 
tnces between the results of his formula (1) and those of the 
experiments ui M. liegnault on steam; the three constants in 
the formula lia\ ncr been determined ^m the same data with 
those in the formula jmblii^licd by me in 181-9, viz. the pressures 
of steam at 2G' 'BO, 100^, and 220" Centigrade. 

These differences arc^ on the whole, gruitcr than those result- 
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ing from my formula (2) ; bat still they are so small as to lead ' 
to the following couclusion : — that to Sir John Lubbock belongs 
the merit of having in 1 840 first proposed a formula containing 
tkteB constants only^ which is capable of giving the pressures of 
vapours with a near approzimaUon to accuracy throughout the 
whole range of existing experiments. 

W. J. MaCQUOBN &ANKINX. 

Glugu\T« October t>, 1866. 



XLIV. On the Magnetic Variaiina in the Vicinity of the Cape of 
Gatjd JJojje, By Cuioiiel Edward Sabine^ Treas, ^ V.PJtS, 

To the Editors of the Fhiioeophicai Magwtine and Journal, 

Gentlemen, 13 Ashley Phu;^ Oct. 16, 1865. 

IF you should have room for the accompanying communication 
in your November Number, you will oblige me by its in- 
sertion. 

I remain. 

Your obedient Servant, 

Edward Sabinb. 



In a letter which has been printed and circulated by the Board 
of Trade, addressed to Mr. Hartnup of the Liverpool Observa- 
i'^vy, by Captain Klein of the Dutch Bark ' ^ta^^daldna,' who 
had been supplied at Liverpool, in April 1854, with a set of the 
marine meteorological instruments which had been made under 
the superintendence of the Kew Committee of the British Asso- 
ciation, and verified at the Kew Observatory, it is satisfactory to 
read the testimony of an obviously experienced navigator in 
regard to tlif' efficiency of the Kew innrine barometer. Captain 
Klein remarks^ I never observed with such a nice and beautiiul 
working instrument as the Kew model barometer. With the 
greatest motioii of the vessel it makes nu greater jump than half 
a tenth ; while at the same time it is so very sensitive, tliat the 
pci u-j will pive a correct idea of the atmospheric tides." Captain 
Kluin's testiiuony cauiiot but be very satisfactory to the gentlemen 
of the Kew Couinnttec, and yet more so to Messrs. Welch and 
Adie, by whose inLrciiUity aud pams the prevailing faults in the 
ordinary construction of the marine barometer have been greatly 
surmounted^ whilst the price of the instrument has been reduced 
to about two^thirds of its usual prenona amount. 

The object of the Board of Trade in nrinting and cbcnktlng 
Captain Kkm'a kHesr, was doobtleas a aesare to make his eipe- 
rienoe of the good performance of thCke barometers known 
amongst the owners and masters of our merchant ships, with 
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the view of intfoducing the vae of these instramonta more exteo- 
aively in oar mercantile marine, — an objeet which may be further 
promoted by making Captain Kkin'a opiiiion known to the 
readers of the Philosophical Mapaime* 

But the particiilar ODject of this communication is not so much 
to give admtional currency to the Captain's commendation of the 
Kcw barometer^ as to notice a remark of his which occurs sub- 
sequently in the same printed letter, regarding maps of the mag- 
netic variation. The remark is as follows : — " It was surprising 
to see Imw incorrect the variation charts are: my results differed 
often greatly from Raper's approximations, and I should fre- 
quently have wavered had I not invariably oijtaiiipd the «nme 
amount as was indicated by the last observations made on hinil." 
With respect to one of the uuthonties to which Captain Kkin 
refers, viz. **Rapcr's approximations," I have of course iiDthinLr 
to say ; I am not myself acquaintrd with the work ; but as being 
myself the author of a remit ^lap of thr Variation over the 
North and South Atlantic Oceans, 1 could n c)t but hv solicitous, 
on reading Captain Klein*s remark, to obtain a knowledge of 
any inaccuracies within the limits of that map which might 
appear to be substantiated by his observations; and having un- 
derstood tliat tlic observations had been placed in the hands of 
Dr. Buys Ballot, Dii-ector of the Marino Meteorological Depart- 
ment in Holland, 1 wrote to that gentliinan requLstiiig him to 
communicate to me any particulars coutaiiif d in them which 
might appear to be at variance with the variation lines in my 
map, to which I knew Dr. Buys Ballot had the means of referring. 

I may here notice, that as the accuracy of my map rests wholly 
on the accuracy of the o1js(m'\ ations which were coordinated in 
its construction, I can have no motive whatsoever for not being 
glad to receive corrections, if more accurate obs(M vation8 arc pro- 
duced than those which were at my cumnumd when the map was 
constructed ; and that for the express purpose of obtaining such 
corrections (should any appear to be required) by means of the 
officers of the Dutch Navy, who have the general reputation of 
being careful and skilful navigators, I presented several copies 
of my map a short time after it was published to Chevali^ Swart, 
Hydrographer of the Dutch Nav^, mr distribution among Dafteh 
officera. The diief pecnliaiitiea m thk map whieh might be eon^ 
aidered to add to ita ptactical value, wen^ thalit waa eonstnuted 
in all ita parte for one and the same epoeh, via. 1840 ; that aa 
other obaervationa than thoae ol oontemporaneonay or very nearly 
oontemporaneona date, were employed in ita eonatmotion; that 
all the obeervationa on which it waa baaed were engraved on tk 
ftoe of the map ; and that a memoir waa attadied to it in which 
these obaervationa were diacnaaed, and their ooirectioii% citbff 
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for local attraction if made on board ship, or for tlie difference 
of epoch it any, were carefully stated ; and a table vs as also 
given referring to different latitudes and longitudes, by wbich the 
variation in any j)articular locality within the limits of the map 
mi<»ht be approximately corrected for any other epoch (not very 
distant from 1840), conformably to the secuiar change which 
had taken place in the previous half century^ or more c^uietly 
between 1787 and 1840. 

Dr. Buy 8 Ballot has kindly enpraged to furnish me with a full 
account, both of Captain Klein's observations aud of others made 
in the Dutch friixate ' De Ruyter,' m a similar voyage between Ba- 
tavia and Amslerdani. It appears that a large portion of these 
observations apply to other parts of the ocean than those com- 
prised in my map ; but the vicinity of the Cape of Good Hope, 
which is induded in that map, is specially pointed out by llr. 
Buys Ballot as a locality in which the Dutdi obsemtuniB ace at 
munce with the maps. Dr. BuTa Ballot writes as foUowa 
" It is tnie tliat theoometioiia Ibr locd attnetkm are not applied 
(in the Bateh obsenrationa) in strictly due manner ; Irat 1 nave 
pennaded myself that amoe.the loeal attraction waa very amall 
m those two vesselfl^ and did not exceed 4^ in any direction, thia 
error could not ttflfect the conchuiona in any appreciable manner : 
theiefore I tlunk that redly the maps give in the vicinity of the 
Cape a too great weaterly variation*'' 

If I could entertain the slightest doubt about the accuracy of 
the variation as given in my map for the vicinity of the Cape of 
Good Hope, I a£>uld most readily wait for the particulara which 
Br* Buys Ballot ia good enough to promise to famish me; but 
I think that I am able to show that the variation in that locality 
as given in the map, whether it be taken for 1840 or for the' 
present time, rests on too solid a foundation to be shaken by 
obaervatums, however carefully made on afaipboard, but which 
are uncorcei^ for the ship's attraction* 

On reference to the memoir accompanying the map (Phil. 
Trana. 1849, part 2. art. xii.), it will be seen that the first in im- 
portance amongst the authorities for the variation at the Cape 
of Good Hope are the obaervationa at the Tuagnetic observatory 
at that station, giving as a mean result ^ 7'* The only doubt 
that eould attach to a determination made with every care and 
precaution, and with the excellent instrumental means of a fixed 
magnetic observatory, resting also in this case on vears of obser^ 
vation, would be the possibimy of the existence of station error, 
via. possible local deviation occasioned by rocks of particular 
character in the vicinity of the observatory affecting the needle ; 
but this is a matter which has been long since set at rest by 
the atrict accordance which has been found between the results 
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obtained at the obsc n atofj itielf, nd «t itatioiia dntant from 
it B hm miles in different directions. Amongst these mnj 
be named the Tariations most carefully observed by Admini Da 
Petit Thouars in False Bay in April 1839 (29^ 9'), and by Sir 
James Clark Ross in Simon's Bay in April 1840(29^280. ' The 
general result is also confirmed by nearly cotemporaneons obser- 
vations (1837 to 1845), made at sea in the vieinitv of the Cape 
hj Admirals Vaillant and Da Petit Thouars, and Captains Sir 
James CJark Boss, Crozier, Mooce and Clark, which are detailed 
in the memoir referxed to, end are inserted in the m^; the 
mean of all the sea obsenrations, vis. 28° 51', being shown in the 
map to correspond to the interseetiofn of lat. —35^ and kiiig« 
17^ 3(y E., which, with a proper allowance for latitude and lon- 
gitude, accords almost precisely with 29^ 07' at the observatoiy 
m lat. -33° 56' and long. 18*29' E. 

So far in regard to the accuracy of the map in relation to the 
period for which it wm con?;trnctecl, viz. 1840; but it may be 
asked, may not the iiiairiK tic variation in the vicinity of the 
Cape have altrrcd sinrt' 18 U) by the oprTation of se cular chango, 
so as to make the detcnninations on which the map wa^s ha-cd 
inapplicable to the prcseut epoch? It is well known, that 
p:encrally in the Southern Atlantic the westerly variation in- 
cre;i??ps at a nearly umlonn rate of secular change of aljiuit s' m 
tlic yt ar; and it is also known that the same rate of secular 
increa-e, or more exactly 7'*56, did obtain at the Cape of GrKjd 
Hope from the earliest observations of Davis and Keeling in 1605 
and 1609, to those of Captain FitzRoy and of Sir James Ross 
in 183G and 1840. (Cape Magnetic Observatioii.s, vol. i. p. bt.) 
Had this rate of secular change (whieli had lasted so long) con- 
tinued to 1854 (when Captain Kiein's observations were made), 
the variation at the Cape would have been nearer 81° than 
29° 07'; that is to say, the westerly variation in my map uoiild 
have been in defect in 1854, instead of in excess as Di . Buys Ballot 
supposes. The Cape, however, was selected as a station for a 
magnetic observatory, amongst other reasons for this one in par- 
ticular, that the form of the variation lines in its vicinity, and 
their known progress from east to west in the temperate £one of 
the southern hemisphere, gave reason to believe that the seeolar 
increase of the variation which had taken place for so many years 
was aj)proaching the period of its termination, when it would lie 
succeeded by a nearly stationary variation continuing for several 
years, llie probability of this alteration in the secular change is 
noticed in the memoir accompanying the map. (Phil. Trans. 1H49, 
p. 200.) That it has been reaJised, has been shown by the 
reoords of the Cape Observatory. Between January 1B41 and 
August 1860,ihe westerly variation had increased horn 29^ 7' only 
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to 29° \4f'6; or at something less than an average annual rate 
of 1'. (Cape Magnetic Observations, vol. i. p. Ixv.) Supposing 
this rate to have continued to 1854, when Captain Klein observed, 
the variation at the Cape should have been 29° 18', which is still 
ll'^rea/er than that which is shown by the map (instead of less). 

But we are not without data from the vicinity of the Cape still 
nearer the epoch at which Captain Klein observed, from which 
we may obtain a corroboration of the correctness of the variation 
as given in the map, and its applicability to the present time. 
Lieutenant Dayman, R.N., formerly of the Magnetic Obsena- 
tory of Van Diemen's Land, whose skill and accuracy as a nau- 
tical surveyor are justly held in the highest estimation, has trans- 
mitted to the Admiralty the results of determinations in 1853 at 
eighteen different stations, partly observed on land, and partly 
at sea on board H.M. Surve3ring Ship Hydra, between Capes 
Hangklip and Aguilhas. By the kmdness of the Hydrographer, 
these were sent to me as soon as they reached the Admiralty. 
The mean of the eighteen determinations is 29° 24/, It would 
be difficult to say what result could be more in accordance with 
the map, allowing for the small difference of latitude and longi- 
tude. Therefore, had Captain Klein's observations agreed wnih 
the lateat obaervatioiia made on land (t. e. at the Cape Ob- 
aemtory and on the eoast in ita vicinity), they wmdd also have 
anbatantially agreed inih m]r map. If th^ differ firom it, they 
differ also finom the obaervationa obtained by many obBerven oX 
hidbi lepiitatm both on ahore and at sea. 

In oondnaion, I wish to eipreaa the satia&etioii with which I 
view the evidence afforded by Captain Klein'a communication of 
the inereaaing inteieat which ia taken in theae qoeationa, aince 
the attention oi the mercantile marine of diffBront nationa haa 
been called to their importance; and I alao see with pleaanre the 
finedom with which Cwptain Klein's remarka and criticiama are 
given. We may confi&ntly eipect that one resolt of aach itt« 
creased attention will be improvement in maps of the magnetic 
variation in locaHtiMi where they need improvement: anditmay 
not be amiss to notice, that ainoe, by the increased employment 
of iron in ships^ the compass haa been rendered much more 
aubject to deviation than it formerly was, maps of the magnetic 
variation which can be rehed upon^ both aa to epoch and amount 
of variation, have, besides their primary use in navigation^ thia 
additional value, that a sin^ observation taken of the variation 
with the ship's head on the course which she may happen to be 
flteering, foiiiishes, by comparison with the map, the deviation 
of the compass with the ship's head on that particular point in 
that part of her vmge; uid thus such a map facilitates the 
taak, which haa now Dccome an esaoitial part of correct navigation^ 
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of Cbe contmiial examination, and correction when required, 
of the tablea of the deviaftum with the ihip'a head on ^lleieni 
pointt. The invene proceeding, or the endmonr to correct 
maps formed on a aoffidently extended baataof coordinated land 
ana aea obwrrationB bjr obicrvationB at aea which have not been 
corrected for de?iatiott,ia hardly to be lecommended: ttiddoobt- 
less as variation mapa become more deserving in themaelTes, and 
their valoe ia better known, will be lew likcdy to beptaetiaed. 



XLV. On the Curvature of the Indian Arc ; and the great Geo^ 
logical Law, that the various parts of the Solid Oust of the 
Earth are perpetually undergoing a Change of Lead* Bff 
Archdeacon Pratt. 

7o the Edilurs uf i/te Philosophical Magazine and Journal, 
Gentlemen^ 

OF the existence of the great law l)ri>ught to light by the 
science of geology, that the various parts of the cartli's 
surface arc perpetually undergoing a change of level, there can 
be now no reasonable doubt. The observations made on land- 
marks on the coast of the Baltic^ — the singular phsenomenon of 
the eohimna of the temple of Serais near Naples, although now 
above the water-level, at they mnat have been when the temple 
was built, and yet ahowing marka of having been bdow the anr- 
fstaOf in the penorationa of a kind of aea aheU-fiah at the present 
day flouriahmff in the neighboming waten,— «nd the original 
reaearchea and bold generalizations of Mr. Darwin among the 
ancient and recent conJ formations of the South Seaa,— combine 
to establish the law in the most satiafectory manner. 

2. To assign a came of this law may be more difficult than to 
recognize its existence. Mr. Babbege, and others after him, 
have attributed it to the expansion and contraction of masses 
of rock beneath, caused by accessions and withdrawals of heat 
through chemical agencies. Obscure as the origin of the law 
may be, the importance of its discnvcrv cannot be over-estimated, 
as it supplies so clear an explanation the wonderful alterna- 
tions of level which must have tak( n place to produce the phae- 
nomcna of iresh- and salt-water formations which geology brings 
to light. 

3. Satisfactorily as a law of nature may have been made out, 
it can never bu out 4)f place to bring forward new iliuiLrations, 
especially in one of such importance as this law possesses. I 
shall therefore make no apology for asking you to admit into 
your Magazine a proof drawn irom an entirely new province, 
that of mathematical physica. The circumatancea and aigumenta 
on which it ia baaed I will now relate. 
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4. The mean ellipticity of the earth has been investigated by 
both the Astronomer Royal and the late M. Bessel with great 
care, by a companaon of arcs of meridiaii measured in various 
parts in the e»h ; and although the methods were somewhat 
diffBrent, they arrived at the aame conclusion, one making 

1 1 

the ellipticity 3qq:^i the other the difference being in- 

appreciable. Now this is the ellipticity to which theory leads 
U8 in supposing the earth to be in a fluid state, the density to 

increase gradually towards the centre by the law ^* (r being 

the distance from the centre, and q a constant), the density of 
the superficial stratum to be that of granite, and the mean aen- 
sity of the earth to be u liat the late Mr. F. Baily made it. Tins 
coiiicideucc has been generally considered to hv. a conclusive 
argument in favour of the hypothesis that the earth was once 
fluid, and acquired its present form (at any rate its present mean 
form) at that time, ana from hydrostatic principles. 

5. These investigations, however^ do not show that the whole 
meridian through any place is esMStly elliptical^ nor that the 
meridians through places in different longitudes are all alike. 
They show mer^ that the mem eorvatore of the difeent parts 
of the earth is that which corresponds with the fluid conmtion 
of its mass^ which is, as I have said, a rtaj strong argument in 
favonr of the hypothesis of origmal fluidity. 

6. Tliat the cuivatnie of every meridian does not eaual the 
mean cnrvatnre can, I think, be most satisfaetonly proved in the 
case of the great Lidian arc, about 800 miles long, and lying 
between Kaliana (aboat 50 milies from the Himalaya Moontains) 
and Damargida. This arc has been divided into two nearlv 
equal parts, and the lengths and astronomical amplitodes of both 
have been determined with great preciaion. The astionomicd 
amplitudes, however, need correction for the attraction of the 
Himalayas, which are found to have a sensible effect upon the 
plumb-line. In a paper published in the Tnmsactions of the 
Boyal Society for the present year, I have given a method for 
^culating the effect of this attraction, and have reduced the 
formulae to numbers. On calculating the eorvatoie of the Indian 
arc from the estimated lengths of its two portions, and the am- 
plitudes corrected for attraction, I find that it is greater than 
the mean curvature; in fact, that the middle point of the whole 
800 miles is raised a few feet higher above the cord joining its 
extremities, than if it possessed the mean corvatnre« 

7. An hypothesis has been thrown out, since the publication 
of my lesolt, to show that the effect of attraction from the 
enormous mass rising above the mean surfece in the Himahyaa, 
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would be conntmeted hj a counter or negative attraction arumg 
from a deficiency of matter below*. It ia aaramed that the in- 
terior of the earth ia fluid, and that the cmat ia sufficiently thin 
to aUow the prmeiplea of hydrostatics to regulate the external 
form of the surface, or that this was the state of things when 
the surface took its present form. It is further assumed that 
the solid crust of the earth ia light compared with the fluid mass 
on which it floats. 
The caae ia then taken (fig. 1) of a table-land 2 milea high. 




100 miles wide, and of indefinite lencrth, — suggested, no doubt, 
by the plateau from which the Indus and Brahmapootra flow, more 
than 10,000 feet above the sca-lcvel, and forming the most 
important part of the attracting mass in my paper. The mean 
crust is taken to be 10 miles thick, and therefore 12 at the table- 
land. It is then conceived that the crust is broken through in the 
dotted lines ab, cd, ef, whefe liea the greatest tendency to crack, 
and the foree of ooheaum neeeasary to prevent the two portkma 
from aiiiking into the fluid below ia eatiinated. The Ibree ia 
Ibund to be equal to a weight of 20 milea' length of the rock; 
and the oonetuaion ia justly drawn, that aa no aueh power of 
coheaiott can etiat in the eniat, the atate of thinga repreaented 
in flg. 1 cannot be that of nature. 
8. The hypotheaia, aa r q > re ae nted in fig, 2,ia then auggeated^ 

Fig. 2. ' 




that the table-land is supported by the baoyancy of a mass of 
crust projecting downwards into the heavy fluid. This repre- 
senting the state of things^ a mass ad rising above the soifaee 
and attracting a distant station necessarily implies ft corre- 
sponding deficiency of man in the locality be, eanaing an almost 
eqnal iM^^utftM attraetioii at A countmcting the former pontive 
attraction. 

9. There are aome diffienhiea in the way of this ingeniona 
hypothesis whieh I wish now to state. 

Ist. On what fihysical principle can it be assmned that the 
erost of the earth is lighter than the fluid immediately below it? 
It m^ht rather be imagined, that by the process of consolidation 
in using heat it would become contracted and therefore heavier. 

2nd. If the result at which Mr. Hopkina haa arrived in his 
calculations on precession be correct, that the solid part of the 
crust is at least 1000 miles thick, an enormous interVal of time 
must have eUpsed since the crust was sufficiently thin for the 
form of its sumce to be affected by the fluid bdow. During 
this immense interval, there has beoi abundance of time for the 
geological law, of which I have spoken at the beginning of this 
paper, to have altered the form of the surface, originally given 
by hydrostatic principles, to such a degree as to have obliterated 
all traces of it; indeed, the whole table-land and all the moun- 
tain range may have been heaved up during this time. 

10. But I have another, a third difficulty. If the crust be so 
thin, or was so when the earth assumed its present contour, what 
must be the state of the crust beneath deep and wide oceans ? 



Fig. 8. 




The state of things in fig. 3 could no more exist than that of 
fig 1. If we take the width of the ocean to be onlv 100 milea, 
and average depth 2 miles, and density half that of the crust, the 
cohesive force necessary to prevent the upward pressure of the 
internal fluid from breaking up the crust and letting in the ocean, 
ia a fom e^ual to the wei^t of about 14 mika drock. This 
atate of thmga cannot ensty and we must aubatitute fig. 4, in 
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which there is a hollow in the under part of the crust, allowing 
the heavy fluid to rise to such a height above its mean level that 
the deficiency of weight of the ocean may exactly equal the excess 
of weight of the heavy fluid below. Any departure from this 
form would endanger a catastrophe. By introducing, then, the 
principles of floatation to explain the cause of the exterior form 
of the earth's surface, we come to the following concloBioii re- 
garding the inner surfiBice of the crust. 



Fig. 6, 




Wherever the exterior surface of the crust rises into nionu- 
tains or sinks into ocean-beds, immediately beneath this the 
inner surface takes a precisely similar but inverse form, so as 
nearly to double the amount of increase or decrease in the thick- 
neas of the crust ; and any decided departure from this law would 
endanger a catastrophe. Now the singularity of this earuHit 
inverse law militates against its leali^^. But more espedallj 
does it seem to oontnidiet all notioiiB of the procees of solidifi- 
cation by eoolisg down. We can conceive no meon wkj tiie 
ernst should have thidkened so much less at ef than at «ft urn €i, 
bat quite the oontnoy. It might have been expected ihni at/ 
the crust would have thickened downwards fiuter than at b and 
d, till a pretty uniform thickness had been attained and kept up. 

11. I disposed^ therefore^ to hesitate abont the exiatenee 
of a deficiency of matter bdow monntaina, and rather to suppose 
that the variations of the present external ibrmof the earth tuam 
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not been brought about by liydrostatical prineiples, although the 

mean form has most probably been so. 

V2. If this bf a correct conclusion, it follows (see art. 6) that 
the couutrv abijut the middle of the Indian arc is more cinvatcd 
by some feet thnii its extremities. No doubt if this long arc 
were further subdivided into many portions, and their lengths 
eatmiatcd and their amphtudes corrected for attraction, they 
would all be found to have dilFerent ellipticities, the mean of 
winch would be the ellipticity of the Indian arc. For it is hardly 
to be supposed, that if the form of the whole arc has been iuhlIo 
to deviate from the tiuid form by upheaval from below, that the 
curve of 800 miles has perfectly preserved its symmetry north 
and math of the middle poiot* Biffemt portions are no doubt 
bent differently^ and this process of calcuJatton would show it* 
The calculation which I have made (and for the details of whieh 
I must refer to the paper in the Philosophical Transactions) 
exhibits this principle only for the whole arc, and not for its 
parts separately. 

13. But this, I think, is sufficient to establish my point, and 
I gather from it the two folloariug conclusions : — 

I. The crust of the earth was too thicket the time the surface 
assumed its present form, and therefore is now too thick, to suffer 
the fluid below to regulate that form ; for it has been proved 
that a large portion of it, the Indian arc of 800 miles, has not 
the form which the tiuid theory requires. 

II. Shice the epoch when the crust became too thick for the 
fluid below to regulate the form of the surface, otlipi- forces — of 
upheaval, or of depression, or both — must have been m action; 
for the middle of the Indian arc is some feet higher than its two 
extremities when measured from the fluid level. 

The forces thus brought to light by an investigation in mathe* 
matical physics must be of the iiaLuiu of those which exhibit the 
great gcoio^ieui law 1 proposed to illustrate, 

J. H. PaATT. 

f«amamif» October 6, 1856. 



XLVI. EMmnmaHan of an Orgamc Matter found in an ancient 
Effifptian Bottle^ By Philip B. Aybss, ilf.D. Land.* 

ABHOllT time since 1 was requested by my friend B. Night- 
ingale, Esq., to submit to analysis a substance he had 
shaken out of an ancient Egyptian bottle, supposed by him to have 
contained wine. The bottle was of coarse earthenware, formed of 
clay mixed with a considerable proportion of sand; it was glo- 

* CominumcsitC(i l)y tlie Author. 

Phii. Mag. S. 4. Vol 10. No. 67. Nov. 1855. % A 
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bular, with a very ghort neck ; a mouth so narrow that the httle 
finger could not be inserted into it ; M'ith two ears through 
which a strap or cord might be paased ao m to auapend it i and 
of the capacity of about a pint. 

The subfetance shaken from this bottle had evidently formed a 
cmst on its inner surface, produced by evaporation of, or subsi- 
dence from, its former contents, mixed with sand derived either 
from the coarse internal surface or from without. As presented 
to me, it was a mixture of sand with flattened masses of a deep 
Iwrowmsh-black colour, earthy fracture, porous structiuc, and a 
Mline^ somewhat styptic taste. 

When heated on platinum foil over the spirit-lamp, a fragment 
horned with a dear flame, without either ftinoa or intumetoeoee^ 
leaving a charred maaa, fiom whidi the diareool was homed off 
with diffiealty. 

Afl the suhstanoe was thus proved to he organie, I pidced oot 
the masses from the sand ; but as much of organic matter itiU 
remained mixed with the sand, this was employed for the quali- 
tative, reaerving the purer maaaea for the qoantitative analysis. 

A. The sand mixed with the organic matter was hoiled repeat- 
edly with distilled water, yielding a deep reddiah-brown solutioOj 
approaching very closely to that of port wine, which after filtra- 
tion remained perfectly transparent, but of ao deop a cdour that 
when in bulk it was black and opake. 

The solution reddened litmus distinctly, but not strongly. 

Hydrochloric, nitric, and sulphuric acids threw down a light, 
flocculent, deep reddish -brown precipitate, leaving the superna- 
tant liquid of a pale straw-colour. Solution of caustic potash 
caused no precipitate or change of colour. Solution of gelatine 
caused no change. Tincture of galls also produced no change. 
Lime-water deepened the colour, and produced a copious light- 
brown flocculent precipitate. Oxalate of ammonia rendered the 
fluid torhid without deepening its oolour. Piacetate of lead 
ceuied to oopioua a brown precipitate aa to render the liquid 
gdatinouB. Acetate of lead, a moderatdy bulky, browOj floocn- 
• lent predpitate, but iiot nearly so copious aa that with the di<- 
aoetate. Sulphate of copperj a brown prcdpitate. Sulphate of 
alumina and potash also a brown precipitate. Bichloride of tin, 
a light, floeeulent, brown precipitate. A portion of the liquid 
evaporated to dryness left a black, shining, brittle mwi* 

B. The residue insoluble in boiling water, waa treated with 
boiling alcohol, spec. grav. O-HS'i. The solution waa light yel- 
low. It became turbid on the addition of water, and deposited 
granular, semicrystalline, fatty matter by evaporation, which waa 
solid when cold, but melted on aj)]>li('iition of heat. 

C The mixture of sand and organic matter insoluble in water 
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and doohd wai n«xt irwted with flolation of cmtic potash^ 
which wiUiout the aid of heat diaadved the greater portion el 
the veniaining organic matter, and became deep browiiiah*bUick« 
although peinetly transparent when viewed in thin layers. 

This was evidently the insoluble humie aeid analogous to that 
found in v^^etable earth. It was precipitated in a floocnleut 
form, of a brown colour, by hydroehloric acid, and the superna- 
tant houid became light straw-colour. When washed and driedj 
it was left as a shining, black, friable mass. 

D, A portion of the deposit was heated to redness in a test- 
tube. It swelled up, partially fused, gave oflf a dense white 
vapour, which condenstnl into urops of a light yellow empyrcu- 
niatic oil, and left a bulky black charcoal. No odmir of ainniouia 
could l>e perceived, nor were imy white vapouis produced by the 
introduction of a rod nioistened with hydrochloric acid into the 
tube, thus proving the ubseuce of nitrogen. The odour of the 
vapour and of the oil wati that oi burnt vegetable matter. 

QumUiiaikfe Analysis, 

A. 39*7 grains, the whole of the purer organic mutter sepa- 
I'ablc from the sand, digested with alcohol, spec. grav. 0 835, 
yielded a deep brownish-red solution. The whole of the soluble 
matter was removed by repeated digestion with fresh portions of 
alooihol until exhausted. The alcoholic solutions were mixed and 
evaporated to dryness, leaving a brownish residue weighing 16*6 
grains. Daring the evaporation, part of the waxy or leainoQa 
matter separated and collected on the surfboe of the fluid. 

a. The alcoholic residue was treated with »ther, which dis- 
solved a considerable portionj forming a light reddish solution, 
which reddened blue litmus-paper strongly. 

The setherial solutioais, on evaporation to dryness, left a solid 
reddish-brown matter weighing 11*4 grains, which approached 
more in consistence to wax than fat. This residue yielded 
scarcely a tinge of coloTir to boiling water, on the surface of 
which it melted and collecffd in drops. 

i>. The undissolved residue [a] was treated %ylth cold distilled 
water, which lurmed a vinous-red solution, leaving the uiulis- 
solvcd matter almost colourless. The solution reddened litmus 
rather >tr()ugly. On cvaporauon to dryness it left a brownish- 
black matter, similar in most of its characters to the aqueous 
extract (B), weighing 2 9 grains. Heated to redness, it first 
fused, thun swtlii d up enormously, k avuig a voluminous char- 
coal, which burned otf very slowly and yielded 1*16 grain of ash. 

c. The residue of the successive action of ether and water {b) 
was treated with a boiling mixture of equal parts ol sother ana 
doohol^ in wbidi it wholly dissolved. The solution was yeUowish, 

2A2 
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became turbid od cooling, and again recovered its tranBpaieiu^ 
when beated. By evaporation it yielded a nearly wbite, friable^ 
gratinlar powder^ wbien melted on expoaure to beat^ and burned 
witb # wbite flame, 

£, The residue {A) exhausted by alcobolj treated witb cold 
distilled water, yielded a red-brown solution so deep in colour aa 
to be opake when in bulk. It was finally exhausted, first with 
cold and afterwards with boiling water. Tlie solution, evaporated 
to perfect dryness^ left a blacky shining^ brittle reaidue, weigbing 
11*0 grains. 

When lieated, it burned with a very feeble tlanie, semi- fused, 
swelled luoderately, and left a somewhat voluminous irideticent 
charcoal, which bumcd off very slowly. 5*5 grains yielded 
exactly TO grain of ashes. 

The ash \\ a partly soluble in distilled water. The soluble 
portion had a decided alktihne reaction, elfervcsced with acids, 
remained clear on the addition of solution of caustic potash, gave 
a precipitate with nitrate of silver which was almost wholly rc- 
dissolved by nitric acid in excess ; yielded a eopions wbite pre- 
cipitate witb chloride of barium^ wbicb did not wholly redisaolve 
in hydrochloric aeid^ and gave a decided yellow precipitate witb 
biebloride of platinum and aleobol. 

The portion of Uie ashes insoluble in water dissolved com- 
pletely in nitric acid with effervescence. The solution yielded,— - 
witb caustic potash, a white floccuU ut pi ccipitate ; with oxalate 
of ammonia, an abundant white precipitate ; with caustic am* 
monia, a very slight precipitate, which became abundant on 
addition of phosphate of soda ; and witb ferrocyanide of potaa- 
aium, a deep blue tint, the liquid remaining clear. 

The ashes then consisted of carbonate of potash, traces of 
siilphate of potash, carbonate of lime, traces of carbonate of 
magnesia and of owdc of iron. 

C. After complete exhaustion by alcohol and water, the inso- 
luble residiH' fi was treated, first with e'ohl, and afterwards with 
boilinp: soluUua of caustic pota^li^ ^ o lont; as the liquid was 
coloured. The cold solution of potash became of so deep a red- 
brown colour as to lie almost opake, even in a single drop. 

The mixed liquids were precipitated by dilute hydrochloric 
acid in the slightest possible excess; the precipitate collected, 
washed and dried, weighed 5*5 grains. It was blacky shining, 
and resembled perfectly in appearance the dried aqueous ex- 
tract JBm 

D» After complete exhaustion by alcohol, water, and caustie 
potash, the residue was light fawn-coloured, approaching to 
white. When perfectly dried, it weighed 7*7 grains. 

After comptete incmeration the loss was 2*7 grains, vbieh 



m an miment Egyptian Battle. d49 

must be considered as insoluble humus^ the ien eau cltarbonncua: 
of Berzclius. 

Tlie ashes puitially liissolvcd in concentrated hydrochloric 
acid, h'avin«x only some gi aui.'* of saud and insoluble silica. The 
liquid was thrown on a filter; the insoluble matter, collected, 
washed and dried, weighed exactly 10 grain ; consequently the 
portion of the ash soluble in hydrochloric add weighed 4*0 grains. 
The filtered liquid yielded a oopiouB^ wbite^ floccuJeiit precipitate, 
with Bolation of caustic potash ; a copiousj white, but not flocca- 
lent precipitate with oxalate of ammonia; a very slight torbidiW 
with d^oride of barium ; a very slight floccnlent precipitate with 
caustic ammonia ; a blue tinge, but scarcely a perceptible preci- 
pitate, with fenocyanide of potassium ; and a greeniui-blue tinge 
with ferridcyanide of potassium. ' 

The ash consisted then chiefly of carbonate of lime, with 
traoea of carbonate of magnesia; traces of sulphate of lime and 
of oxide of iron, silica and sand. 

The substances submitted to examination are then,—* 

Resinous or waxy matter soluble in aether {Aa) 28*7 

Friable, pulverulent, resinous matter, solable'l ^.q 

in a mixture of alcohol and tether (Ac). J 

lxtrBCtiTematter8olubleinalcoholandwater(^6) 4*3 

Red colouring matter soluble in water (B) . • 22*6 

Humic add (C) 18-8 

Insoluble organic matter, the terreau ckar'\ ^.g 

donnaftp of Benselius j 

Ashes 20*5 

99-7 

The results of this analysis lead to the conjecture that the 
bottle was used for containing red wine; but as modern wines 
contain mcrr trnrrs of resinous or waxy matter, it was nrressary 
to refer to tlie eu>luni8 of tlic ancients and their treatment of 
wines. The ancients, not cunU iUod as we are in tlie present day 
with wine in its natural conciition, were accustomed to flavour 
their wines with a variety of substances. Dr. Smith* states that 
they were accustomed to thi*ow into the vats or uuiphoiw various 
condiments or seasonings (medicamina, etinditura'), ainung the 
chief of which were sea^water, turpentine, pitch, tar or resin, 
gypsum, burned marble, calcined fshells, aromatic herbs, spices 
and gums. Another mixture called mulsum was composed of 
wine or must mixed witii iiuncy, in the proportion of feur of the 
former to one of the latter. Honey contains wax, and it is by 
no means impossible that the residue in the Egyptian bottle was 
that of some one of these vinous compounds. The large amount 

♦ Dictionary of Greek and Koman Antiquities. 
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of waxy or lennoas mfttter endeDoes that it oodd not be pore 
wine^ Imt either one of the eompoimdB alladed to, or mulaiim; 
moit probably the former. Am the Romana derived many of 
their eaatoma tfom the Greekti ao in turn the Greeka in all 
probabili^ bmowed firom the Egyptians, with whom they held 
frequent mteroourse. It has been suggested to tat, that the 
matter contained in the bottle was a kind of varmeh employed 
to fix the frcaco.paintinga adorning the figypkian tombs, which 
might be a solution of some waxy or resinous substance in wine; 
but I am disinclined to this opinion, on account of the large 
quantity of red colouring matfcr extracted by wntrr, as well aa 
the small portion of residue mntaincd in the hdttlr. 

The red rf»louring matter was very aniilogous in its cliaiacti 
to that m port wiiif, hut it had evidently undfre'onr' {gradual iiud 
partial change into hiimic acid and insf)liil)lt humus. These 
together constitute above one-third of tin wliolc organic matter. 
The lartrc ffuantity oi' ashes is partly owing to the admixture of 
loose saiul troin the sides of the bottle, and to what must have 
penetrated irum \uthout in so saudy a couutry as Egypt. 

XLVII. On the E^rperiment of licideufrost. Ea.tt acted from a 
Letter from Professor Buff Professor Tyndall. 

My dear SiRj 

WHEN I consider how well grounded your views are with 
regard to the origin of the phaenomcnon described by 
Ti'evelyn, I am surprised to find, with refercnec to another of the 
phfcnomena of heat, namely the experimmt of Leidenfrost^ thnt 
the theory of a repulsive action at a distanee by heat seems to tind 
favour in your eye:*. At least I must eoucludc su mueh from a 
casual remark in a inemuir u}K)n the subject by Mr. A. Church. 
Mr. Ch\ireh mentions an experiment, whieh he witnessed in your 
lectures, by which you show that water in the spheroidal con- 
dition interrupts the passage of an electric current to the red-hot 
metal underneath*, and observes that you regard this cxpLnmeiit 
as a proof that the surface of the vessel is separated by an in- 
terval from the drop within it« 

The aame experiment haa been often made and obaerved under 
various eonditiona by myself, but I am not able to escribe to it 
the same force of proof* I only find that the passage of elec- 
tricity through water in the spheroidal state ia rendered ex- 
tremely difficulty and solely bemuse the pointa of mutual con- 
tact between water and metal are redueed to a comparativdy 

• M. Pojjgendorff was, I behcve, the first tu perform this experimeat. 
— J.T. 
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small number. The current cau thereby certainly to all ap- 
pearaucc be interrupted ; whether this occurs or not, de|)end8, 
according to my experience, for a given liquid, on the de- ' 
licacy of the cJ^hnnometcr, on the strength of the electromo- 
tive force, and tiiiaily on the size of the drop itself. The Bphe- 
roidal waLer behaves towards the hot surface as mercury towards 
a wire dipped into it, which is not wetted by the liquid metal. 
In a memoir published several years ago (Annalen dcr Chemie 
und Pharmacie, vol. Ixzvii. p. 1), I have communicated dif- 
ferent modei of experiment^ which are^ moreover, very easily 
deviled, for the purpoie of rendering vinble the propagation of 
an electrie eurrent through water in the spheroidal condition* 
The moat evident, however^ as I learned afterwards^ is the eketxio 
glow first observed by Mackrell on thin metallic wires^ when ^ey 
are used as electrodes of a very powerful electric circuit and im- 
mersed in hot water* In the case of the negative pole, it mi§^t 
be objected that during the continuance of the red heat it is - 
anrronnded hy a brush (sprMieki) i thiS| however, is not neoes* 
aarily the case with the positive wircj and when it is absentj the 
wire exhibits at a red heat the phenomenon of Leidenfrost per** 
i^Bcily. The current^ and even tne electrolytic decomposition, also 
continue ; for when the positive electrode disperses no brush, the 
gas developed upon it is always pure oxygen. The oontinuanoa 
of the current in this and similar cases is rhaps not a certain 
proof of the existence of direct contact ; for the layer of giis, or 
vapour between the water and the red>hot surface, may at this 
high temperature assume a small degree of conductibility. I 
am, however, only desirous of showing, that the extinction of 
the current in other cases cannot be regarded as a proof of the 
existence of an interval between the water and the aur&ee by 
which it is sustained. 

Indeed, the spheroidal condition of water exhibits in its most 
essential phsenouicna sufficient evidence against the idea that 
insulation and repulsion are neces^iiry conditions of tlie sphe- 
roidal state, rerrnit me to lay betbrc yott bricHy those proofs 
which 1 regard tlif most im|><»rtHnt. 

In a silver s])Oon coated with soot, water asserts the spheroidal 
form at ordinary tnnpnntnres, exactly as when the spoon is 
raised to a high temperature. 

The drop which rolls upon the hot surface of a liquid, for 
example a drop of aether upon water, bends the sui'face of tho 
liquid, aa a mercury suriai^ is bent by the pressure of a rod of 
glass. 

Large drops sssume an oscillatory motion, which often con- 
tinue with remai kablc regularity, and cause the Uu iviatiou of star- 
shaped hgures : witiiout a partial contact of the water with the 



Digitized by Google 



$52 



Fiof. Buff on the E^^jtrnmaU of Lddeiifrott. 



Burfacc beneath, the prodaction of these figures would be an 
impossibility. 

The greatest drops are not obtained apon sneh sorlacee as 
radiate heat best^ but on those whidi possess the highest capaeH^ 
of conduction ; surfaces of silver are therefore praferable to aU 
others for these experiments. 

The iihscnomcuon is produced with volatile liquids only; the 
higher tlie boiling-poiot of the liquid, the more strongly heated 
must be the surface on which it rests, in order to hold it in the 
spheroidal state. The experiment therefore succeeds better with 
«ther than ith water when bad conductors arc used as vessels, 
* such, for example, ns poreelain and glass. The lowest tempe- 
rature at wliich ilie heated surface is not wetted by the liquid 
poured upon it, must always be hip:her than the boiling-point of 
the liquid. For example, in a silver basin at 75^ C. a*ther, at 
13/ 0. alcohol, and at 144^ C. water first assume the spheroidal 
form. 

In making these observations, 1 will not assert that Lciden- 
frost^s drop cannot be separated from the heated surface which 
supports it. 1 believe, on the contrary, that even drops of con- 
siderable magnitude may be torn from the surface by the force 
of the developed vapour. I only affirm that such insulation is 
not the neOMsary condttk>n for the production of the phaeno- 
menon. This is caused, in my opinion, by the alteration produced 
by heat in the relative attractions exerted bv the surface of the 
Tcsael upon the liquid, and by the liquid jiarticles upon each other. 

The surfoce of a vessel will, it is known^ be wet by a liquid 
poured into it when the attraction of the matter of the vessel for 
the liquid is greater than that of the particles of the liquid for 
each other. In the reverse case the liquid asiierts the spheroidal 
form. The mutual attraction of the particles of the body is with- 
out doubt diminished at a high temperature. If a silver basin be 
heated with the water within it, the surface continues wet even 
when tlie liquid boils. In fact, in tins ease the temperature of 
the silver basin is only a little hiu'^lu r than that of the water. 
The mutual attraction ot the silver and tlie particles of water has 
therefore been diminished almost in the same proportion as the 
attraction of the water particles for each other; the relation of 
the attractions remains constant. If the silver basin be heated 
beyond the temperatiue oi boiling water, its adhesion for water 
must diminish in a greater degree than the cohesion of tlic par- 
ticles of the liquid whidi still remains at its boiling-point. Hence 
sooner or later a temperature will be attained, at which the co- 
hesion overpowers the adhesion. The wetting of the surface 
then ceases^ and the spheroidal condition sets in, quite in har- 
mony with the ordinary laws of capillaiity. 
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Perba])s, my dear Sir, vou will be mciiiicd to agree with this 
maniifr ul vRwiiip; the subject; if so, I entertain the hope that 
you will exmsc this somewhat elaborate statement of the question. 
With grcut esteem, i have the pleasure to subscribe myself, 

Yours most sincerely, 
Oieneii, Sept.* 29, 1856. U . Buff. 

With reference to the Bohject of Prof. BufPs interestiiig 
letter, I may be permitted to say that I have never published 
anything on the experiment of Leidenfroat, though I have taken 
some pains to instruct myself as to tln^ eause of this sin- 
gular phsenomenon* At an early pei-iod of railway travelling, 
Mr. George Stephenson conceived the idea of making his loco- 
motives rest on steam springs. The steam within the boiler 
formed an elastic cushion for the support of the boiler. My , 
belief is, that the sprini^ suprgcstcd by the f^rcat engineer is pre- 
cisely that which sujiports the drop in the experiment of Lcidcn- 
frost; the liquid, 1 believe, rests upon a cushion of its own 
vapour. Some of my reasons for agreeing with those who hold 
this belief are as follows : — ^1, The incessant motion of the drop 
necessitates a continuous expenditure of force, and this force is 
only attainable by the production of vapour underneath the drop, 
which, as is well know n, speedily Uuiiinishes in bulk in conse- 
quence of the evaporation. 2. In a deep concave vessel, the 
vapour escapes laterally from the liquid as it encounters the 
least resistance in this direction ; but if the liquid be suffered to 
spread itadf over a eomparativeiy flat surface, or better still, if 
tne surface be rendered a little convex towards the centre of the 
drop, the vapour finds the resistance in a lateral direction greater 
than that in a vertical direction, and the steam actually hreaks 
through the thin liquid layer above it and escapes at the centre. 
The existence of the vapour beneath the drop is thus easily 
reduced to demonstration. 3. If an interval really exists between 
the drop and the surface, it occurred to me that if this interval 
could be made manifest to the eye it would tend to settle the 
question. With this view I made the following experiment : — A 
silver basin was inverted, and the polished convex surface slightly 
(Initod so that a drop iniL'-ht rest upon it. A fine ])latinum wire 
was >tr( tchcd vertically l^v hmd the basin and united with the 
poles ui a small voltaic battery; the wire was in this way ren- 
dered vividly luminous. A drop of deeply black ink ^vas placed 
U})oii the surface of the basin ; bringing the eve on a level with 
the bottom of the drop, and looking towards the platinum wire, 
the latter was seen through the space between the droj) and the 
bottom of the basin*. In this way the under surface of a drop, 

* A little spirit mixed with the ink renders the expeiimcot more easy. 
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half an inch or more in diameter, may be examined, and it will 
be found that the liquid ia at no point in contact with the metiL 
Whilcj therefore^ I agree with M. Buff in rejecting the explana- 
tion which flttributea the phraiomenon to a propping-up of the 
drop by the calorific rays, I think the facta Jnstiiy the opinioa 
that an interval exists between the liquid and th€ metal* This 
interval, as proved by Pc^ggcndorff^ is sufficient to interrupt 
an ordinary voltaic current; but being filled with vapour at a 
high temperature^ it is quite oonceivablcj as surmised by 
Buff^ that a small portion of a strong current may pass thnm|^ 
it. M* Buff's observation^ that the phienomenon is not exhibitod 
except by those liquids which are capable of Aimishing the ne» 
cessary vapouTi is also conBruiatory of the above view : andtbs 
fact that good conductors^ which quickly supply the heat neccs* 
sary for evaporation, show the phsenomenon better than good 
ra&tors which do not furnish this supply^ appears to be equallj 
corroborative of the opinion which 1 have ventured to espouse. 



XLVIII. On the Hypothms of Moleeukar Vortices, of CentH- 
fvnal Theory of Elastieitp, and He Connexion with the Theanf 
of Heat. By Wiluaii Jobn Macqvorn ftANKiNB, C.^., 
RR.SS.L, 4- F,R,8.8,A, ^e,* 

Sjbction i^'iAST. — Relations hrtween Heal mid Mapansive 

Pressure. 

(1.) TN February 1860, I laid before the Royal Society of 
JL Edinburgh a paper, in which the laws of the pressure 
and expansion of gases and vapours were deduced from the sup- 
position, that that part of the elasticity of bodies which depends 
upon heat, arises from the centrifugal force of the revolutions of 
the particles of clastic atmospheres surrotnidinc: nuclei or atomic 
centres. A summary of the results of this sii])p()«itinn, which I 
called the Hj'pothesis of ^lolccular A^jrtices, was printed in the 
Transactions of this Society, vo!. "^:\'., as an introduction to a 
spric^ of ]inpers on the Alechanieal Action of Heat • niid the 
ongmal paper has 5(ince a{)pcared in detail iu the Philosophical 
Mas^azinc for December 1 85 1 . 
In that paper, the bounding surfaces of atoms were defined to 

* Cotuiimiiiratcfl bv the Author, having been read to the Royal Society 
• of Ediuburgh, Dereinber 15, 1851. 

fThe Ibuowing paper is republidied by pcrmtsnoii of the Comil cf 
the Royal Society of Edinbui^h. It has ri'cci\ ed no alterations except 

some verbal corrections, some additions to the forms of notation, and the 
omission uf &omc imucecssaiy repetitions. A few notes have been added, 
which are distinguuhed by dates.] 
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be imaginary surfaces, situated between aud enveloping the 
atuinic nuclei, and symmetrically placed with respect to thcm^ 
and having this property — that at these surfaces the attractive 
and repulsive actions of the atomie nudei and atmospheres upon 
each partiele of atomic atmosphere balance each other. The 
pressure the atomie atmospheres at those imagiuaiy bound- 
aries is the part of the total expansive pressure of the body which 
varies with heat ; the effect of the centrifugal force of molecular 
Tortiees being to increase it. 

In the subsequent investigation it was assumed^ that, owing 
to the symmetrical action of the particles of ^es in all direc« 
tions> and the small amount of those attractive and repulsive 
forces which interfere with the elasticity of their atmosoheres^ 
no appreciable error would arise from treating the boundary of 
the atmosphere of a single atom^ in calculation, as if it were 
spherical ; an assumption which very much simplified the analysis. 

An effect, however, of this assumption was, to make it doubt- 
ful whether the condusions deduced from the hypothesis were 
applicable to any substances except those nearly in the state of 
perfect gas. I have, therefore, in the present paper investigated 
the subject anew, without making any assumption as to the 
arrangement of the atomic centres, or the form of the bound- 
aries of their atmospheres. The equations deduced from the 
hypothesis, between expansive pressure and heat, arc therefore 
applirnble to all substances in all oonditions; and it will be seen 
that tbey are identical with those in the original paper ; showing 
that the assumption, that the atomic atmospheres might be 
treated in calculation as if spherical^ did not give rise to any 
error. 

By the aid of certain transformations in those cqiiatioiif*, I 
have been enabled, in investigating: the jirineiples of the mutual 
transforuiatiou of heat and expansive power, to df^dnrc Jr>til( 's 
i^fz? of the ('(juivalence of heat and mechanical power dn*ectiy 
from thcni, instead of taking it (as I did in my previous papers) 
as a consequence of the princt])le of vis viva. Carnot's lair is 
also deduced directly from the hypothesis^ as in one of the pre- 
vious papers. 

(2.) Classijica/ion of EJa^ttic Prcsmrcs. — The pressures con- 
sidered in the pn . ent pa]u r are those only \\ liK li de|)end on the 
volume occuj)icd by a pivt ii weight of the substance; not those 
whicli resist cluini;e of liij^ure in solids and viscous liquids. Cer- 
tain mathematical relations exist between those is\o classes of 
pre-^sures, but they do not affect the present investigation. 

To dlustrate this symbolically, let V represent the volume 

occupied by unity of weight of the substance, so that is the 
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mean density ; Q tbe quantity of heat in unity of weight, that 
is to savj the vis viva of the molecular revoIntionB;, whkdij accord* 
ing to the hypothesis^ give rise to the ezpandTe presmue depend* 
ing on heat; and let P denote the total ezpansive preasme. 
Then 

P=F(V,Q)+y][V) (1) 

In this equation, F(V, Q) is the pressure of the atomic atmo- 
spiit^^res at the surfaces called their boundaries, which varies with 
the centrifugal force of the molecular vortices as well as with the 
mean density ; and /(V) is a portion ot pressure due to the mu- 
tual attractions and repulsions of distinct atoms, and varying with 
the number of atoms in a given volume only. If the above equa- 
tion be differentiated with respect to the hyperbolic lu_;an;liiu 
of the density, wc obtain the coefficient of elasticity of volume 

V V V 
wheie denotes the cubic compressibility. 
The latter portion of this eoefficient, — consists of 

two parts, one of which gives rise to rigidity, or elasticity of 
figui'c, as well as to elasticity of volume, while the other gives 
rise to elasticity of volume onlv. The ratio of each of those 
parts to their sum must be a function of the heat, the former 
part being greater, and the latter less, as the atomic atmosphere 
is more concentrated round the nucleus ; that is to say, as the 
heat is less ; but their sum, so far as elasticity of volume is con- 
cerned, is a function of the density only. 

That is to say, let the total coefficient of elasticity of volume 
be denoted thus, 

i=.J + ^(C„C^Ca), .... (IB) 

Ca, C3 being coefficients of rigidity round the three axes of 
elasticity^ and J a coefficient of fluid elaaticity ; then 

J ;^P(V,Q)-V'{V,Q).j^/{V) 

T T 

^(C„ C,. C3) = - (1 -^(V, Q)) • ^/(V) 

T 

For the presoit, we Ittve to take into conaideration that per- 
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tioii only of the expansive pressure which depends on density 
and heat jointly, and is the means of mutoally converting heat 
and expansive power ; that is to say^ the pressure at the bound- 
ariea of the atomic atmospheres, which I shall denote by 

/?=F(V,Q). 

Pressures, throughout this paper, are supposed to be measured 
by units of weight upon unity of ai-ea; densities, by tiie vveigUt 
of unity of volume*. 

(3.) Determination of the External Pressure of an Atomic 
A/i/tosji/irrc—lict a hody be coiiipused of equal and similar 
atoniic imclci, arranged in any synnnetrical manner, and enve- 
loped by an atTnosphere, the parts of which are subject to 
attractive and repulsive forces exercised by each other and by 
tin: nuclei. Let it further be supposed, that this atmosphere at 
each point has an elastic pressure proportiuiial to the density at 
that point, multiplied by a specific coefficient depending on the 
nature of the substance, which I shall denote by h. (This coeffi* 
cient was ch^uotcd by I) in previous ])apL'i >.) 

Jilt p and // d( n(jtc tlie density uud prciwure ui the atomic 
atmosphei'c Mt any pomt; tiiLU 

liCt 

d<t> 

^d^' ^ da 

he the accelerative forces operating on a particle of atoniic atmo-* 
sphere^ in virtue of the moleculiur attractions and repulsions, 
which I have made ex})1ieitly negative, attractions being sup- 
posed to predominate. The property of the surfaces called the 
i)oundarie8 of the atoms is this, — 

the suffix J bemg used to distinguish tht^ value of quantities at 
those surfaces. Hence is a niaxiinuui or minimuni. Those 
surfaces are symmetrical in form round each nucleus, and eq^ui- 
distaut between pairs of adjacent nuclei. Their equation is 

Let M denote the total weight of an atom, ft that of its atmo- 
spheric part, and M-*f( that w its nucleus ; then 

* Sept. 1855. — ^Tliere is resMm to believe that in many substances the 
elasticity of figure depends on more than three independent coc fficknts; 
but as the present paper relates to elasticity of volume on\\\ tlic above 
equations are nevertheless sutticieut to illustrate the classiticatiou ol elastic 
prciijiures. 
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MY U the ?oliiiDe of the atom^ 

liie mean density of the atuiospheric pai't, measured by 

weighty the nnoleus being suppoied to be of inMDmUa 
magnitade, 
and we have the following equations 

TjH^ suffix (, ) (i( riotmg that the integratioa la to be extended to 
all pomta withm the surface 

Aeeording to the hypothesis now under consideration, ht^i 
eonststs in a reyolnng motion of the particles of the atomic 
atmosphere eommunicated to them by the nndei. Let v be the 
common mean veloeity possessed by the nucleus of an atom and 
the atmospheric particles^ when the distribution of this motion 
has been equalized. I use the term fMm veloeity to denote that 
the velocity of each particle may undergo small periodic changes, 
which it is unnecessary to consider in this investigation. 

Then the quantity of heat in unity of weight is 



beuig equal to the mechanical power of unity of weight falling 
through the height The quantity of heat in one atom is of 

course MQ, and in the atmospheric part of an atom /xQ.' 

I shall leave the form of the paths described by the atmo- 
spheric particles indeterminate, except that they must be closed 
curves of permanent figrnrc, and included within the siuiace 

— <^j = 0). Let the nucleus be taken the origin of coordi- 
nates, and let a, 7 be the direction- cosines of the motion of 
the ])art!ele8 at any point (a?, f/, z). Then the equations of a 
permauent condition of motion at that point are 

p dz dz ^X dx^^dy^^dzP 
Let r be the length, and the diiectkm-eotines <tf the 



Digitized by Gopgle 



or Centrifugal Theory of EloBiicity, 359 

fadiiu of enrvatiiie of the path of the particles through z)i 
then the abo?e equations obviously beooiqe 

pax «r 



(«A) 



p dy dy r 

pdz dx r 
If these equations are integrable^ 

r r ^ r 

must be an exact differential. Let' — be its primitive function^ 
the negative sign being used, because a', ff, y must be generally 
negative* Then the integral of the equations (3) is 

1 1 
log,^=^ -^ss j(2Q^— ^)+ constant; 

or tukitig Pi to denote the pressure at the bounding surface of 
the atom^ 

P=P\^ (4») 

Our present object is to determine the superficial-atomic den- 
sity pu and thence the pressure pi^hp^, in terms of the mean 
1 

density y and heat Q. For this purpose we must introduce the 
above value of p into equation (2)^ giving 

whence 

2Q 1 

p^hpimk^^JJJ e ixd^dz. (6) 

Let the volume of the atom be conceived to be divided into 
layers^ in each of which <^ has a constant value. Then wc may 
make the following transformations 



(6) 



k being a specific constant, and ^ and 0 ^ctiona of ^ and of 
tbo Qfttwra andl density of the sabit«noe. 
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The \<.mcv limit of integration of (/> must be made — x, that 
it may mciude orbits of iadeiiiiitely small magnitude described 
round the atomic centre. 

The nature of the function is limited by the following con- 
dition ; — 



Let 



Then theae transformations give the following leuilt for the 
pressure at the boonding surface of an atom :— 



M V ^\ . ^ 



(8) 



&c. being the successive differential ooefficieDts of m with 
respect to ki^, when ^=^i> 

(4.) The following tranuormation will be found useful in the 
sequd. 

Let X be the indefinite value of log^Y, and \ its actoal value 
in the case under consideration. Let G be the same function of 
X which » is of k^, and let Qf^ &c. be its successive diffsr« 
ential coefficients with respect to X. 

Let 



Then 

(9) 

The 1 unction II has the following properties^ which will be 
afterwards referred to : — 



^+«H,-G,=0 
/ 



(10) 



(5.) Case of fi Perfect Gas, — As a substance is rarctied, it 
gradually approaches a condition in which the pressui'C, under 
like circumstances as to licjit, varies ])roportionally to the den- 
sity. This is because the ctfi ct of the muiccular attractions auci 
repulsions ou the pressure diminishes with the density^ so that 



I 
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4^ tt>^ and G approximate to constant quantities. In ihe limit* 
ing or perfectly gaseous condition, theKfoie, 

H «Si 

and 

(6.) Equilibrium of Heat: Nature of Temperature and Real 
Specific ^4M(/«'— When the atmosphefes of atoms of two different 
aabstances are in contact at their common bounding surface, it 
is necessary to a permanent condition that the pressure in passing 
that surface should vary continuously. 

Let (a) and [b) be taken as characteristics, to distinguish the 
specific quantities peculiar to the two media respectively. Let 
dm denote the vuliinie of an indefinitely thin layer close to the 
bounding surface. Tlicn the following equations must be fuU 
filled to ensure a permanent condition : — 

w=i'W 5 wwi'«'i''=/'- . (12) 

By mtking the proper substitutions in equation (4), it appears 



that 



Henee 



Now p is the same iur both media : ~ • -r- = c * 



IS 



either a maximum or a minimum, so that its differential is null ; 

and <ijn is a conlmuous iuuctiou ot X 0, so that (a) = '^^ ^ ^ (^}* 
There remains only the function of heat, 

ThcL'L'lViro the condition of a pcriiiiniciit state of molecular 
motion, that is to say, the condition oi" ((juilibrium of hraf, is 
that this fuuction shall be the same for the two substances ; ur 
that 

hj^'hj, ^^^^ 
Hence iemperaiure depends on the above function only ; for 
Pm. Mug. 8. 4. VoU 10. No* 67. Nw, 1865. 2 B 
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the definition of temperature is, tbat bodies at the same tenipe- 
ntnre are in a permanent condition as to heat, ao to aa their 

mutual action is concerned. 

The ratio of the r$al tpec^ heat of (a) to that of (b) is ob- 
vionafy 

KJk^\hJi^ • ' ' {^^) 

(7.) Mmuure of Teaiperatwre and Specific Heat, — ^The func- 
tion 0 is proportional to the pressure of a perfect gas at a con- 
stant density. That preasorei therefore, is the most eoafeiiieut 
measure of trmprrntiirr. 

Let T dcnotr a/)S()h/f(' tciijpcratnre, as measured by the prr^if- 
ure of a perfect gas at constant dt iisity, aud reckoned from a 
certain absolute zero, 274°'6 Centigrade, or 4-94-°-28 Fahrenheit 
b< low the f <'raperature of melting ice. Let be a C DHstant 
whicii dtpcnids on tlic lenirth of a degree on the thermumetric 
scale, and is the same for ull uubstauees in nature. 
Tiicii 



hk 



Q=(t-^), 



hk 



2k 



(16) 



and the real specific heat of the substancei that is to say, the 
depth of fall, under the influence of gnmt^, which is eqjiiiTaient 
to a rise of one degree of temperature m the body, is repre- 
sented by 

(16) 



The pressure of a perfect gas is represented in terms of tern- 
perature by 

It may also be expressed thus: let Tq denote the absolute 
teniperatnre of melting ice in degrees of the scale emploved, and 
Vq the volume of unity of weight of the snbstanoe in the theo* 
retical state of perfect gas, at the temperature of melting ice and 
pressure unity ; then 

v « 

(18) 



On compwing Uiia with equation (17), we aee that 




MVo' MVo 



(19) 
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Now h is the specific elasticity of the atomic atmosphere of the 

Babstftneey is the mean apecifie gravity of that atmosphere 

when tile body is ia the theoretical state of perfect gas, and k 
aod Tq arc the same fur all substances in nature. Therefore, /or 
even/ snhshtnce in nature, the mean specific gravity of the atomic 
atiiujiiplK'n' ill iJie (heitretical state of p(*rfecl yas is inverseljf jpr(h 
portionai to the ypecijic elasiicity of that atmosphere. 
Real specihc iicat may also he thus expressed : — 

(^) 

in which ^ coritispouik to q^jj ut my former papery and 7— 
. MM ^"l . 

The f actor N appears to depend on the chemical constitatioD 
of the substance*. 

(8.) lo/a/ Pressure of Substances in general, expressed in terms 
of temperature^ 

In equation (9) let - he put for 0\ then 
P=;, +yi;V) =/(V) + ^ G. * {g, - 2^ + f^- fcc} 

- =-AV)+SK'~i'-??-^-'^-}' • • ^^^^ 

where 

A.=^, A.=-|,(G.«-0.'). 

- ^(G,'»-aG,'G,"+6,'0i &«• 

This formula is identical with that which I employed in my 
former paj^t to represent the pressure of an imperfect gas, and 
which I found to agree with ^1. Kegnault's experiments, when 
the coefficients A and the function /(V) had been calculated em- 
pirically t* 

[To be continued.] 

♦ Thp vnlues of N for ntuiospherio air, oxygen, hydrogen, and carbonic 
oxide, ditfcr from 01 1 by quantities which are within the limita of errors 
€f e l i sei» aU o ii . (1853.) See alto Phil. Mag. Jnae 1863, wsAtnam, Roy. 
8oc. Edinb. toI. xx. p. 589. 

t For further appHrations of ecjuutiou (21 \ ?5cc the paper of 
Jouk and Tliomioii m tbe PbiL Tnms. for 1854. (Sept. 1855.) 

2B2 
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XLIX. On the Prq)aration of Ahminium from KryolUe, 

By Allan Dick, Esq.* 

IN tlic last Number of this Journal there was a translation ui 
a paper of 11. Uose of Berlin, describing a method of pre- 
paring ahiminiiim from kryolite. Previously, at the suggestion 
of J)r. Percy, 1 had made some experiments on the same subject 
in the metallurgical laboratory of the School of Mines ; and as 
the results obtained agree cloaely with those of Roae^ it may be 
interesting to give a short aeeonnt of them now, though no de* 
tailed description was published at the time^ a small piece of 
metal prepared from kryolite having simply been shown at the 
weekly meeting of the lloyal Institution (March 30^ 1855), ae- 
conipanied with a few words of explanation by Faraday. 

Shortly after tlic publication of M. Deville's process for pre- 
paring the metal from chloride of aluminium, along with Mr. 
Smith I tried to make a epccimcn of the metal ; but we found it 
a much more difficult thing to do than Deville'a paper had led us 
to anticipate, and had to remain contented with a much smaller 
piece than we had hoped to obtain. It is, however, undoubtedly 
only a matter of time, skill and expense^ to join successful prac- 
tice to the details of ^T. Dcvillc 

Whilst making these experiments. Dr. Percy had often re- 
quested us to try whether kryolite could not be used instead of 
the chlorides, but suinc time elapsed before we obtained a spe- 
cimen of the mineral. 

The first experiments were made in glass tubes sealed at one 
end, into which altcmatc layers of finely-poundcd kryolite and 
sodium cut into small pieces were introduced, and covered iu 
some instances by a layer of kryolite^ in others by one of chloride 
of sodium* The tube was then heated over an air-gas blowpipe 
for a few minutes^ till decomposition had tsken place and the 
product was melted. When coldj on breaking the tube it was 
found that the mass was full of small globules of aluminium ; 
but owing to the specific gravity of the metal and flux being 
nearly alUce, the globules had not collected into one button at 
the bottom : to effect this, long-continued heat would be required, 
which cannot be giveii in glass tubes* owing to the powerful 
action of the meit^^fiuoridc upon them. To obviate this diffi- 
culty, a platinum crucible was lined with magnesia, by ramming 
the same hard in, and subsequently cutting out all but a lining. 
Into this, alternate layers of kryolite and sodium were placed, 
with a thick ish layer of ki*yolitc on the top. Tlie crucible was 
covered with a tiglit-litting lid, and heated to redness for about 
half an hour over the air-blowpipe. When cold, it was placed m 

* CommuDicsted by the Author. 
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water« and after soaking for some time, the contents dag out, 
gently crushed in a mortar, and washed by decantation. Two 
or three globnles of aluminium^ tolerably large considering the 
acale of the experiment, were obtained along with a great num- 
ber of very small ones. The larger ones were melted together 
under chloride of potassium. 

Some experiments made in iron crucibles were not attended 
with the same results as those of Rose. No p;lobules of any 
considerable size reniained in the mt Ited fluoridrs ; the metal 
seemed to alloy with tlie sides of the eiuciblcs, which acquired a 
colour like zinr. It is possible that this differenee may have 
arisen from usmg a higlier temperature than Rose, as these ex- 
periments were made in the furnace, not over the air-blowpipe. 

Porcelain and clay crucibles were also tried, l)ut laid aside after 
a few experiments owin^^ to the action of tlie tluurulf.s upon them, 
which ill most cases was sufficient to perforate them completely. 

These remarks, it is hoped, may tend to draw the attention of 
experimenters atiU further to kiyoUte as a source of this interest- 
ing metal ; although the experiments whieh led to them were 
carried only a short way towards the perfection which practice 
would probably confer. 

MetaUursiGal Lsbcmioiy, School of llinei, 
Odober 26, 1866. 



L. On the Poffish and Soda Fel^ars of the Dublin MounUnm. 
By Francis M. Jbkninos, M,R.LA,, F.G,S. 

To the Editors of tlie Philosophical Mayazuie and Journal. 
Gentlemen, 

THE paper of the Rev. Prof, (ialbraith in the August Number 
of your Ji)uni;il, relative to the eoiiiposition of the fel- 
spars of tlie Dubhu Mountains, siiows that he entirely mistakes 
the object of my remarks, which were to this effect : that when 
an inference as to the composition of the felspar of a granite 
mountain is to be iiuide, the specimen analysed should par- 
take as closely as possible of the g^eneral lithological character of 
the mountain. Now the specimen selected by Mr. W. Wilson of 
the Geological Survey, and carefully analysed by Mr. Dugald 
Campbell, is very similar in its composition to those examined 
by Prof. England and Mr. Foster (see Froc. Boyal Irish Acad. 
Feb. 28, 1853), whilst the analyses of the Rev. Prof. Galbraith 
are very different ; he, therefore, is not in a position to charge 
others with want of care in the analyses, nor is he correct 
in saying, that to estimate the quantities of potash or soda in 
felspar it ia Accessary to determine the quantities of silica, &c. 



M6 Royal 8ondff>^ 

Prof. Galbmth ^Plui. Mag. Prof. Galbnuth, off same 
Jan. 1855), his own aetedtion. apecimen as Mr. Campbell's. 

KO . . . 10*68 4*65 
NaO ... 8*36 8*89 

Mr. Campbell, same sjiecimen 

as Ptef. GaOnaith'i. Mr. Foiter. Ml Engbnd. 
KO . . . 802 4-15 5^ 

NaO . . . 8*98 4-84 6*89 



The diffmnce in Rrof. Galbiaitli'i and Mr. Campbell'a ana* 
lyses ia not owing, I piesiiiiie^ to any difoeaoe in the oouati- 
tution of the fdtpars, but mostptiMfy to the Frofinaor*a not 
having taken out all the mica. 

These analvses leave the question of the quantity of potaeh 
and aoda in the felspar of the Three Rock Mountain thna : three 
aaahreee by three difierent men give the eoda in exoeea; two 

by rrof. Galbraith give the potash iu excess, that one his own 
selection giving the smallest quantity of soda. With this evi- 
dence before us, is it not rather premature to argue that this 
mountain contains in its felspar a grcatrr quantity of potash 
tljan soda? And it shows the dan^^er of making inferences as 
to tlu composition of minerals constituting a large portion of a 
MKHintam li oni one analysis, as done by Prof. Galbraith. How 
many it requires to be able to judge I shall not say, but I think 
those given, unless all selected specially as being: like in general 
character, cannot iiave mueh bearing on the matter, and prove 
how much more is to be done before drawing conclusions from 
one analysis^ and that one different from all the otherB. Further 
diaeoenon, I think, mat be uaeleaa^ nntal Prof, Galbraith eadiibits 
portaona ol the BpeeinMsna which he haa analyied; end my eall- 
mg for their public eihibition is, I doabt not, the reaam whv 
my entering into thia diieniiion ia looked on faj Tfot Galbnita 
at an intmerence/' 

I am, Oentlemen^ 

Youra, 

^ Feancis M. Jbnnings* 



LL Proe eedmff $ o/Lemed 

ROYAL SOCIBTY. 
[Continued from p. 309.] 
April 19, 1855. — The Lord Wrottealey, President, in the Chair. 

rr^HE following communication was read : — 

*' Reply of the President and Council of the Royal Society to 
au application from the Lords of the Committee of Privy Council for 
Trade, on the subject of Marine Meteorological Observations." 
[Thia Letter wu communicated to the Society in purauance of a 
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resolution of tlie Council. The Secretary explained that it had been 
drawn up by the Treasurer, Colonel Sabine, and submitted, before 
Enal adoption by the Council, to several Fellows of the Society spe- 
fdally convcnant with the tol^eets to which it refm.] 

Royal Society, Someraet UooMp 
Fcbniary 22, 1856. 

Sir, — In the month of June last, the Lords of the Committee of 
the Pri\*y Council for Trade caused a letter to be addressed to the 
Prettdent and Coimdl of the Royal Sodetf , Acquainting them that 
their Lordships were ahoat to Buhmit to Parliament an estimate for 
an Office for the Discussion of the Obseryations on Meteorology* to 
be made at sea in all parts of the globe, in conformity with the re- 
commendation of a conference held at Brussels in 1 853 ; and that 
they were about to construct a set of forms for the use of that 
Office, in which they proposed to publish from time to tunc and to 
circulate such statistical results obtunied by means ut the observa- 
tions referred to, as might be considered most desirable by men 
learned in the science of Meteuruluj^y, in addition to such other in- 
formation as might be required for the purposes of Navigation. 

Before doing so, however, their Lordships were desirous of having 
the opinion of the Royal Society, as to what were the great den- 
derata in Meteorological science ; and as to the forms which may 
be hest calculated to exhibit the great atmospheric laws which it 
may be most desirable to dov(?lopc. 

Their Lord-^hip* f ittlu r --tate, that as it may possibly happen that 
observations on land \\\ion an extended scale muv hereafter be made 
and discussed in the same Office, it is desirable that the reply of 
the Royal Society should keep in \iew, and provide iur such a cua- 
tingency. 

Deeply impressed with a sense of the magnitude and importanee 
* of the work which has been thus undertaken by Her Majeaty'i 

Government and confided to the Board of Trade, and folly appre- 
ciating the honour of being consulted, and the mQwnsibility of the 

repiv which they are called upon to make; — considering" also that 
by iucludiiii:- the contingency of land observation tiie inquiry is, in 
fiict, co-extensive with the requirements of Aleteoroiogy over all 
accessible ])arts of the earth's surface, — the f^r^ident and Louucil 
of the Royal Society deemed it advisable, before making thtix reply, 
to obtain the opinion of those amongst their foieign niemben who 
are known as distinguished coltavaton of Meteorological science^ an 
well as of others in foreign countries, who either Md offioea oci^ 
nected Mrith the advancement of Meteorofogy, or have otherwiee 
devoted themselves to this branch of science* 

A circular was accordingly addressed to several ceTitlemen whose 
names were transmitted to the Uoard of Trade in June last, con- 
taining a copy of tlie communication from the Hoard of Trade, and 
a request to be favuurid witli any j^ncTErestions which misrht aid Her 
Majcsty^s Government m uu uudurtakmg wliich wa^; ubviuu&ly one of 
general concernment. 
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Replies in some degree of detail have been received from five of 
thete gentlemeii *, copies of which are heiewitfa tiwumttted. 

The Pkeaident and Council are glad to avail themselves of this 
opportimi^ expressing their acknowledgeaents to these gentte- 
iiien« and more particularly to Proftesor Dove, Director of the Me- 
teorologiral Establii^hments and Institutions inPrn«?iH, whose zeal 
for the advancement of Meteorology induced him to repair jjcrsonally 
to England, and to join himself to the Committee by whom the 
pretseut reply has been jirt'pared. Those who are mutt familiar with 
the labours and writings of this eminent meteorologist wiQ best he 
able to appreciate the value of his co^ojieration. 

The President and Council have considered it as the most con- 
venient course to divide their reply under the different heads into 
which the subject naturally branches. But before tlicv proceed to 
treat of these, they \vi«)i to remark generally, that one of the chief 
impediments to the uilviiucement of Meteorology consists in the verj^ 
Blow progress which is made in the transmisaion from one country to 
another of the observations and diseusaidns on which» under the 
fostering aid of different Oovemments, so mndi labour is bestowed in 
Europe and America; and they would therefore recommend that 
such steps as may appear desirable should be taken by Her Maje^'s 
Government, to promote and facilitnto the mutual interchange of 
Meteorological publications emauating from the Governments of 
different countries. 

Barometer, 

It is known that considerable differences, apparently of a perma- 
nent character, arc found to exist in the mean baromt trie j^ressure 
in different places ; and that the periodical variatiuni: in the pressure 
in difieient months and seasons at the same place, are very different 
In different parts of the globe, both as respects period and amount ; 
insomuch that in extreme cases, the variatioiis have even opposite 
lieatares in regard to period, in places situated in the same henu« 
Sphere nnd nt equal distances from the equator. 

For the purpose of extending our knowledge of the f;icts of these 
departures from the state of equilibrium, and of more fully investi- 
gating the causes thereof, it is desirable to obtain, by means of 
barometric observations strictly comparable with each other, and 
extending over all parts of the globe acoeasible by land or sea, 
tables, showing the mean barometric pressure in the fear, in each 
moaih of the year, and in the /oar meteoroiogiaU tewoM,— on land, 
at all stations of observation, — and at sea, corresponding to the 
middle points of spaces bounded by geographical lati^des and longi- 
tudes, not far distant from eaeii other. 

The manner of forming such tables from the murine observations 
which are now proposed to be made, by collecting together observe^ 
lions of the same month in separate ledgers* eftch of which should 
correspond to a ffeogr^ieal epace comprised between specified 

* Dr. Erman of Beriin; Dr. Helt of Miuter; Prof. Krdl of Tionna; Lienl. 
llsiuy of Wasbiogtoni sod M* Qnetdet of Bnmeb. 
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meridians and parallels, and to a particular month, IM too obvious 
to require to be further dwelt upon. The clii^tancaa apart of the 
meridians and parallels will require to be varied in different parts 
of the globe, so that the magnitude? of the spaces which tbey 
enclubc, and for caeli of which a table will be formed, may be 
more circumscribed, when the rapidity of the variation ul tlie par* 
ticolar phenomenon to be elucidated is greatest in regard to 
geographical apace. Their magnitude will also necessarily vary 
with the number of observations which it may be pousible to collect 
in each space, inasmuch as it is well known that there are extensive 
portions of the ocean which are scarcely ever trnver'SfMl by i^hips, 
whilst other portions may be viewed as the highways of a constant 
traffic. 

The strict comi)arabiiky of observations' inuue iti uiiieient ships 
may perhaps be best assured, by limiting the examination of the 
instruments to comparisons trhich it is jiroposed to make at the Kew 
Observatory* before and after their employment in particular ships. 
Vtom the nature of their construction, the barometers with which 
Her Majesty's navy and the mercantile marine are to bo supplied 
are not very liable to derangement, except from i:Ueh accidents as 
would destroy them altogether. Under present arrangements they 
will all he curefuiiy compared at Kew before they are sent to the 
Admiralty or to the Board of Trade ; and similar arrangements may 
easily be made by which they may be returned to Kew for re-examina« 
tion at the expiration of each tour of service. The comparison of 
barometers when embarked and in use, with standards, or supposed 
standards, nt ports which the vessels may visit, entails many incon- 
veniences, and is in manv re^iM'cts a far less satisfactorv mctliod. 
The limitation here recommended is not, however, to be understood 
as applicable in the ca&c of other establii;hmcnt3 than Kew, where 
a special proTision may be made for an equally careful and correct 
ezaminatbn. 

At land stations, in addition to proper measures to assure the 

correctness of the Imrometer and consequent comparability of the 
observRtion^, care should be taken to ascertain by the best possible 
means (independently of the barometer itself), the lieight of the 
station above the level of the sea at soaie stated lo( ;ility. For this 
purpose the cxtensiuu of levels for the coustiuctiou ol luiiroads will 
often afibfd ftcitities. 

It may be desirable to indicate some of the localities where the 
data, which tables such as those which have been spoken of would 
exhibit, are required for the solution of problems of immediate 
interest. 

10, It known, that, over the Atlantic Ocoun, a low mean 
annual prctisuie exists near the ( (jUfitor, aiid a high j)rcssure at the 
north and south borders of tixe torrid zone (23° to 30 nortli and 
south latitudes) ; and it is probable that from similar causes similar 
phenomena exist over the corresponding latitudes in the Pacific 
Ocean : the few observations whidi we possess are in accord with 
tfaia snpposition ; bat the extent of space covered by the Pacific ia 
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large and the observiUions are few ; they may be expected to be 
greatly increased by the laeaus now contemplated. But it is p(tru> 
ottlarlj over tbe liidwn Ocma, both at tlie eqwAtor udA «i Ibe 
borden of the torrid cone, that the phenomenm of the bwomiitnr 

pressure, not only annual but also monthly, require elocidation bj 
observations. The T^mde^winds, which would prevail gmaallf 
round the globe if it were wholly covered by a surfieu^;! of v\ ater, are 
interrupted by tlic large continental spaces in Asir\ and Australia, 
and give place to thp ])hen' mcna of monsoons, whicii the indi- 
rect results of the heating action of the sun's rays on those conti> 
nental spaces. These are the causes of tliat displacement of the 
trade-winds, and substitution of a current flowing iu another direc- 
tion, which occasion the atmospheric phenomena over the indiaa 
Ooean, and on the north and south sides of that Ooean» to be 
different from those in corresponding localities over, and OD either 
side of the equator in the Atiuitic Ocean, and (probably generally 
also) in the Pacific Ocean. 

It is important alike to navig^ation and to general science to know 
the limits where the phenomena of the trade-winds give place to 
those of the monsoons ; and whether any and wlmt variations take 
place in those limits in different parts of the year. The iiurumetric 
variatiotu are intimately connected with the causes of iheee wurimtioms, 
md require te be known far tkeir mere per/ed eheideihn. 

The importance, indeed, of a full and complete knowledge of the 
variations which take place in the limits ol the trade-winds geoe* 
rally in both hemispheres, at differsnt seasons of the year, has 
long been recognized. On this account, although the prcfcnt 
section is headed " Rarometcr," it may be well to remark };cre, that 
it is desirable that the forms supplied to s»hips should contain 
heading?, calling fortli a special record of the 1 aitude and lontritude 
where the trade-wind is hrst met witii, and where it is htsl fuuati 
to fail. 

2^. The great extent of continental space in Northern Asia 
eauses, by reason of the great heat of the summer and the aaoenduig 
eutfent pioduoed thereby, a remarkable diminution of atmospheric 
pressure in the summer months, extending in the north to the Polar 

Sea, and on the European side as far as Moscow. Towards the 
east it is known to include tlie coasts of China and Japan, but the 
extent of thi*; j^rcat diminution of summer pressure beyond the 
con^^ts thus named is nuL known. A determinaLu n of the monthly 
variation of the pressure over tlie adjacent parts ot the i ucihc Ocean 
is therefore a desideratum ; and for the same object it is desirable 
to have a more accurate knowledge than we now possess of tbe pre- 
vailing direcdon of the wind in different seasons in the yicinity of 
the coasts of China and Japan. 

30. With reference to regions or districts of increased or dimi- 
nished mean annual pressure, it is known that in certain districts in 
the tcrn])crate riud polar zouef , f^uch as in the vicinity of Cape Horn 
exti lulitig into the nntarctic jH)]ar Ocean, and in the %ncinity of Ice- 
land, the mean annual barometric preasure ia considerably leas ihaa 
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the aveiBge prasmire on the tufcoe of the globe geoenllj; nd that 
anoaydoiie differencet, alio of cooticleraUe amoiiiit» eiiet in tlw 
mean uuittel pretsure in different parts of die aretie ooean. Thete 

all require ipecial attention, with a view to obtain a more perfect 
knowledge of the facts, in regard to their amount, geograpbieal 
extension, and varlatinn with the cliange of aeasona, at well as tO 
the elucidation of their causes. 

Ihj Air tmd Apuom Fcfpovr. 

The apparently Raoiaaious variations which have been noticed to 
exist ui the mean annual barometric pressure, and in its distribution 
in ^ different seasons and months of the year, are also Ibnnd to exist 
in each of the two oonstitaent pressures which conjointly eonstitate 
the barometrio pfesenre. In order to study the problems conneeted 
with these depaiturea from a state of equilibrium under their most 
simple forms, — and generally for the true understanding of almost all 
the LTeat laws of atmospheric change, — it is necessary to have a 
separate knowledgre of the two constituc^nts (viz. the prf«=iires of 
the dr}- air and ot the aqueous vapour) which we arc accustomed to 
measure together by the barometer. This separate knowledge is 
obtained by means of the hygrometer, which determines the elas- 
tidty of tiie vaponr, and leads to the determination of that of 
tbe dry air, by enabling as to dednet the elasticity of the Taponr 
tern that of the whole barometric pressnre. It is tfaernbre 
extremely desirable that tables* similar to those recommended under 
the preceding head of the barometer, should be formed at every 
land station, and over the ocean at the centres of eengraphical spaces 
bounded by certain vrthies of latitude and longiuidr, for the onmiftl, 
tnonthly, and season pressures, — 1. Of the aqueous vajntur; and 
2. (Jt the dry air ; each considered separately. Each ot the said 
geographical spaces will require its appropriate ledger for each of 
Sie twelve months. 

It may be desirable to notice one or two of the problems eon« 
neotsd with extensive and important atmospherical laws whieh may 
be nuiterially assisted by suoh tables. 

1<*. By the operation of rori«e« which are too well known to re- 
quire explanation Ik le, the dry air should always have a minimum 
pressure in the hottest months of the year. But we know that 
there are phiccft where the contrary prevails, namely, that the pres- 
sure of tiic dry air is greater in Bummcr than m winter. We idso 
know that when comparison is made between places in the same 
latitDde. and haying the same, or very nearly the same» differences of 
temperature in snmmer and in wmter, the differences between the 
tommer and winter pressures of the dry air are found to be subject 
to many remarkable anomalies. The variations in the pressure of 
the dr)' air do not therefore, as might be at first iinngiTHnl, depend 
altoprether on the differences between the summer and winter tem- 
peratures at the places where the variation* themselves occur. The 
increased pressure in the hottest month- fippears rather to point to 
the eAi^ltuee ui au uveiHow of air iu the lugher regions of the 
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atmosphere from lateral sources ; the statical premre at the baM 
of the columQ being increaaed by the augmentatioa ol the super* 

incumbent mass of air arising from nn influx in the upper portion. 
Siirh lateral sources may well !xe supposed to be due to excessive 
asvvnsional ciirretits caused by ejcessire .rammer hents in certain 
places of the globe (as, for example, in (Jcatral Asia). Now the 
lateral overilow from meli eomeea, tiwreniiig in the shape of ear- 
rents the higher regions of the atmosphere, and encountering tlie 
well-known general current flowing from the equator towards the 
pole, has l>een recently assigned with considerable probability (de- 
rived from its correspondence w\th many otherwise anomalous 
plumomcna already known, and which all receive an cxi huiatiua 
lioiii such jiujiposition) to be the original s(Mirce nr pnmaiy cau-e 
oi the rotaliny stonns or vy clones, so well kuowu iu tiie \\'e8t IncUcs 
and in China under the names of humcanea and typhoons. A 
single illustration may be desirsble. Let it be supposed dmt such 
au exces.*^ive ascensional current exists over the greatly Iieated parts 
of Asia and Africa in the northern tropieal -aone, — giving rise, in 
the continuation of the same zone over the Atlantic Ocean, to a 
lateral current in the upper regions ; tiiis would then be a current 
prevailini^- in tho-^t i t L'^ions from east to west: and it would encounter 
over the Aliautic Uceaa the weli-kuowu upper current proceeding 
from the equator towards the pole, which is a current from the 
south-west. An easterly current impinging on a south-west current 
may give rise, by well-known laws, to a rotatory motion in the atmo- 
sphere, of which the direction may be the same as that which cha- 
racterises the cyclones of the northern liemisphere. To test the 
accuracy of this explanation, wr desire to be acquainted with the 
variations which the mean prtssure of the dry air undergoes in (he 
different seasons m tiie part of the globe, where, according to this 
explanation, considerable variationa having particular ehanetera 
ought to be found. 

2^. We have named one of the explanations which have been 
recently offered of the primary cause of the northern cyclones. 
Another mode of explanation has been projiosed, by assuming the 
condensation of large quantities of vapour, and the consequent 
influx of ail tu i*upply the place. In such case the ]ihenomena are 
to be tested iu considerable measure by the variations winch the 
other amBiihtent of the barometric pressure, namely, the agueout 
w^paur, undeigoes. 

3^. The surface of sea in the southern hemisphere much exceeds 
that in the northern hemisphere. It is therefore probable that at 
the season wlicn the sun is over the southern hemisphere, evapora- 
tion over the wluilc surface of the globe is more con«idemblc than 
in the opposite season when the sun is over the northern hemi- 
sphere. Supposing the pressure of the dry air to he a constant, 
the difference of evaporation in the two seaaoos may thus produce 
for the whole globe an annwl harnmetric vm^Um, the aggrc- 
gate barometric pressure over the whoh auiftce being highest 
during the northern winter. The aepamtioa of the barometric 
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pnssure into its two constitaeiit prcttares would give direct and 
conclusive evidence of the cause to which such a barometric 

variation should be ascribed. It would also follow, that evapo- 
ration bciiii^ greatest in the ?outh, and condensation greatest in 
the nortli, the water which pi >( u eds from south to north in a state 
of vapuur, would have to return to the south in a liquid state, and 
might possibly exert some disoentible inflaence on the currents of 
the ocean. The tests by which the truth of the sappositions thus 
advanced may be determined, are the variations of the meteor- 
ological elements in different seasons and months^ determined by 
methods and instruments strict!)'" comparable with each other, and 
arranged in such tables as have been suggested. A still more 
direct te«t would indeed be furnished by the fact (if it could be 
as>certanied), that the quantity of rain which falls in the northern is 
greater than that which falls in the southern hemisphere ; and by 
examining its distribution into the different months and seasons 
of its occurrence. Data for such conclusions are as yet very insuf- 
ficient ; they should always, however, form a part of the record at 
all land stations where registers are kej)t. 

In order that all observations of tlie elasticity of the nqiieous 
vapour may be strictly comparable, it is dcsiral)Ie that all should be 
computed by the same tables ; those founded upon the experiments 
of MM. Hegnault and Magnus may be most suitably recommended 
for this purpose, not only on their general merits, but also as being 
lUeely to be most generally adopted by obsenrera in other coun- 
tries* 

Tmperature of the Air, 

Tables of the mean temperature of the air in the year, and in the 
different mouths and seasons of the year, at above 1000 £>tatious on 
the globe, have recently been computed by Professor Dove, and 
l)ublished under the auspices of the Royal Academy of Sciences 
at Berlin. This work, — which is a true model of the method ia 
which a great lK>dy of meteorological facts, collected by different 
ob?cr\'cr!? and at different time?, should be broiiglit together and 
coordinated, — has conducted, as is well known, to conclusions of 
very considerable importance in their bearing on climatology, and 
on the general laws of the distribution of heat on the surface of the 
globe. These tables have, however, been formed exclusively from 
observations made oa land» For the completion of this great 
work of physical geography, there is yet wanting a similar investi* 
gation for the occatde portion ; and this we may hopefully anticipate 
as likely to be now accomplished by means of the marine observa^ 
tions about to be undertaken. In the case of the temperature of 
the air, as in tliat of the atmospheric j)ressure previously adverted 
to, the centres of geographical spaces Ijouaded by certain latitudes and 
longitudes mil form points of concentration for observations, which 
may be made within those spaces, not only by the same but also by 
different ships ; provided that the system be steadily maintained of 
employing only instruments which shall have been examined^ and 
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their intercompenbiUty asceituned* fay a eompetentand ictpondfale 

Authority ; — and provided that no obaerfatioiis be used bat tiKwe m 

whichP careful nttention shall have been given to the prernntion= 
which it will be necessary to nd^j-t, for the purpo-f of i ht tiniiiL^ the 
correct kijowledge of the tempciHtiy e of the extMi nal air, atuidst the 
muiiy dlbturbing influences from heat ami moisture m difficult to 
eicape oo board tbip. 1b tbii respect adiKtloiMl preoptkmi mwt 
be tuad if night ohaenmiiotig aie to be required* Binoe the oidiiuuy 
difficulties are necetsarily much enhanced by the employment of aiti* 
ficial light. Amongst the instructions whioh will be required, perhaps 
there will be none which will ne'v| to be more rnrcfnllv drawn, than 
those for obtaininj^ the correct teinj)erature of the external air under 
the continually varying circumstances that present themselves on 
board ship. 

In regard to tmtd BtatwM, IV o feaa o r Dore'a taUea have ahown that 
data are atill preaaingly required ftom the Britiah Noith Americaii 

posaessiuns intermediate between the stations of theArcticBzpcditioiia 
and those of the United Statea; and that the deficiency extenda 
across the wliole North American Continent in those latitudes from 
the Atlantic to the Pacific. Profop^oor Dove ha? also imiirated as 
dc-klc!ata. f ih^L-rvatioii- at the Biilibh Military j>tHtiuns in the 
Muditerraueim ((jubraltur, Malta and Corfu), and around the Coasts 
of Auatralia and New Zealand: also that kmnrhf ohaervatioiia, 
eontinned for at leaat one year, axe partionlartj required at aome 
one atation in the Weat Indiea, to supply the diiffnal ooirectiotta for 
existing observations. 

"\Vhil??t the study of the distribution of heat at the surface of tl^e 
globe has thus been making progress, in respect to the tncan utuuinl 
temperaturp in different places, and to iti* j)rnodical variations in 
diU'ereiit pmla oi the year at the same place, tiie attention of pby« 
rioal geographeia has recently been direeted (and with great promioe 
of important raaulta to the material nitereata of men aa well aa to 
genefal acienoe) to the causea of those lloctoations in the tampem- 
ture, or departurea from its mean or normal state at the same place 
and at the same period of the year, which have received the name 
of "non-periodic variations." It is known that the«e frcqnrntly 
affect extensive j;ortiuiia of the flobe at tlje SHOie linu ; and are 
gcuerally, if not always, accumpuuicd by a fluctuation of an opposite 
ohaiacter, prevailing at the same time in some a^yoining but dialaBt 
region ; so that by the comparison of synebraooas obserfatioBs a 
progression is traceable, from a locality of maximum increased heat 
in one region, to one of maximum diminished heat in another 
recoil. For the elucidation of the non-periodic %'ariation?s even 
monthiy means are insufiicieiit ; and the nece^^iti,^ ha«* been felt 
of computing the mean temperatures for periods of much shorter 
duration. The Meteorological Institutions of those of the European 
States which hare taken the foremost part in the proaecntioa of 
meteorology, have in consequence adopted five^dof sMsnt, as the 
most amtiible intermediate gradation between daily and monthly 
BMnis and aa aa eridmce of the oonrietion whiah it enteitMiied 
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d the value of the conduiioiie to whioh this mvestigatida is likely 
to lead, it haa been oooBidered worth whUe to ondertake the pro* 
digioua labour of calcolating the fi?e-day means of the most reliable 
obaerrations during a century past. Thia work is already 
far advanced: and it cannot be too strongly recommended, tliat at 
all fixed stations, where observations shall hcrcRfter be made with 
sutlicimt care to be worth recording, five-day means may invariably 
be added to the daily, monthly, and annual means into which the 
observatiuns are usually collected. The five -day means should always 
commence with January 1, for the purpose of preserving the nni> 
IbfiDity at dUSerent itations, which ia essential for oompariaon : in 
leap years, the peiiod which includes the 29th of February will be 
of six days. 

In treating dimatdlog^ as a science, it is desirable that some 

correct and convenient mode should be adopted, for computing and 
cxprc«sin[!; the comparative variabUrff/ to which the tcmj)erature in 
diilereut pajls of the globe, and in ditlerent parts of the year in the 
same place, h snt>ject from non-periodic causes. The probable 
variability, computed on the same principle as tlie probable error of 
each of a number of independent observations, has recently been 
suggested as furnishing an index " of the probable daily non-periodic 
variation" at the difoent aeasona of the year ; and its use in thia 
respect has becm exemplified by calculations of the " index " from 
the five-day means of twelve years of observations at Toronto, in 
Canada (Phil. Trans. 1853, Art. V.). An index of this description 
is of cour?o of absolute and creneral application ; supply ini.^ the 
means of cuiii])ariug the probuble varialjiliiy of the tem»iLiuture in 
different seasons at different places (where the same mitliotl of com- 
putation is adopted) as well as at the same place. It is deiauablt: that 
this (or some preferable method if such can be devised for ob* 
taining the same object) should be adopted by those who may desire 
to make their obaervationa practically usefiid for sanitary or agri- 
cultural pur|>oses, or for any of the great variety of objects for which 
climatic peculiarities are required to be linown. Having these three 
data, viz. the mean annual temperature, — its periodical chart g;e« in 
respect to days, montlis, and seasons, — and the measure ot its 
liability to non-periodic (or what would commonly be called, irre- 
gular) variations, — \m' may consider that we posses* as coinjiicte a 
representation of tiic ciiiiiaLc ol any particular place (so far as 
temperature is concerned), as the present state of our knowledge 
permits. 

It is obvious that much of what hti been said under this article 
is more applicable to land ^an to sea observations ; but the letter 
of the Botfd of Trade, to which thia is reply, requests that both 
ahould be contemplated. 

Temperaiure of the Sea, and InveHi^atiens regarding Carrente. 

It is unnecessary to dwe ll on the pracUcai importance to naviyaliun 
of a correct knowledge of the currents of the ocean ; their direction, 
extent, velocity, and the temperature of the aurfiioe-water relatively. 
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to the ordinary ocean temperature in the same ktitnde ; tog^tiher 

with the variations in nil these respects rvhich currents experience 
in different parts of tlic year, and in ilifiereiit parts of their coursc. 
As the inforoiatiou on these points, which lUHy be expected to follow 
from the measures adopted by the Board of Trade, must necessarily 
depend in gr^at degree on the intelligence, as well as the iHUrnt 
taken In them by the observers, it is desirable that the instnietioiit 
to be supplied with the meteorological instniments should contain a 
brief summary of what is already known in rcr^ard to the principal 
oceanic currents ; accomjianicd by charts on which their supposed 
limit* in different seasons, and the variations in those limits which 
may have bceu observed in particular years, mny be indicated, with 
notices of the particularities of the temperature of the surface-water 
by which the presence of the current may be recognized. Forms 
wil] also be required far use in such localttiee, in which the auriace 
temperatures may be recorded at hourly ur half<-hourly intervals, 
with the corresponding geographical positions of the ship* aa they 
may be best inferred from observation and reckoning. For such 
localities also it will be necessary that the tables, into which the 
obser\''ations of different ships at different reasons are collected, 
should have their bounding lines of latitude and longitude brought 
nearer together than may be required for the ocean at large. 

In looking forward to the results which are likely to be obtained 
by the contemplated marine observations, it is reasonable that those 
which may bear practically on the interests of navigation should 
occupy the first place ; but, on the other hand, it would not be 
en?v to over-estimate tlic advantages to physical geography, of 
general tables of the surface temperature of the ocean in the dif- 
ferent months of the year, exhibiting, as they would do, its normal 
and its abnormal states, the meau temperature of the different 
parallels* and the deviations thereiTom» whether permanent, peri* 
odical, or occasional. The knowledge which such tables would 
convey is essentially required for the study of climatology as « 
science. 

llie degree in which climatic variation" extending over large 
pDrtions of tlie earth's surface mav he intiuenced by the variable 
phenomena of oceanic currents in liiller*. iit year?, may perhaps be 
lUui^lrated by circumstances of kuowu occurrence iu tlie vicinity 
of our own coasts. The admirable researches of Major RenneU 
have shown that in ordinary years, the warm water of the great 
current known by the name of the Gulf-stream is not found to tiie 
east of the meridian of the Azores; the sea being of ordinary ocean 
temperature for its latitude at all seasons and in every direction, in 
the great space comprised between tlie Azores, and the coasts of 
Europe and North Africa: but Major Renuell has abo shown that 
on two occasions, viz. in 177G and in I821-I822, the warm water by 
which the Oolf-stream is characterised throughout its whole course 
(beinji Meveral degrees above the ordinary ocean temperature in the 
same latitude), was found to extend across this great expanse of 
ocean, and in 1776 (in particular) was traced (by Dr. Franklin) 
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qmto home to the <KMut of Burope. The preeeaee of a body of 
umieiudly heated water, extending for several hundred mUee boUi in 
Intitade and in longitude, and continuing for several weeks, at a 

*er\«on of the year when the prevailing winds blow from that quarter 
on the coasts of Krij^land and France, can f-carcely be imagined to 
be without a considerable influence on the relations of temperature 
and moisture in thof^e countries. In nccurdauce with this supposition, 
we tind in the Metcurulo|^icaI Juurnals of the uture recent period 
(whieh are more eaaUy acoewihie), that the atate of the weather in 
November and December 1821 and January 1822 was bo unusual in 
the southern parts of Great Britain and in mnce, as to have excited 
general obeerration ; we find it characterised as " most extruordt- 
narily hot, damp, stormy, and oppressive," that "the gales from 
the W. find S.W. were almost without intermi«sion," " the fall of 
rain was excessive" and "the barometer lower than it had ever 
been known for 35 years before." 

There can be little doubt that Major Hennell was right in 
ascribing the unusual exleusiou of the Gulf-stream in particular 
yean to its greater initial velocity, occasioned by a more than ordi- 
nary difference in the lerels of the Oolf of Mexico and of the Atlantic 
in the preceding summer. An unusual height of the Gulf of Mexico 
at the head of the stream, or an unusual velocity of the stream at its 
outset in the Strait of Florida, are facts which may admit of being 
recognized by properly directed attention ; and as these must pre- 
cede, by riimy weeks, tlie arrival of the warm water of the stream 
at above 3000 miles' distance from its outset, and the climatic effects 
thence resulting, it might be possible to anticipate the occurrence 
of aueh unusual seasons upon our coasts. 

Much, indeed, may undoubtedly be done towards the increase of 
oor partial acqoaintence with the phmnomena of the Gnlf-etream» 
and of its counter currents, by the collection and coordination of 
observations made by casual passages of ships in different years and 
different seasons across different parts of its course ; but for that 
full and complete knowledge nf nil it« ]>articular«, which should meet 
the rnaritiroe and •srientitic require ments of the period in which we 
live, we must await the disposition uf Government to accede to the 
reconimendaliuu, so frequently made to them by the moi»t eminent 
hydrographical anthorities, of a spedfie survey of die stream by 
Teasels employed for that special service. What has been recently 
ac com p l is hed by the Government of the United States in this respect, 
shows both the importance of the inquiry and the great extent of 
the research ; and lends great weight to the proposition, which has 
been made to Her Majesty's Government on the part of the United 
Statc«, for a joint survey of the whole stream by vessels of the two 
countrits. The e&tabiishment of an office under the Board of 'i'rade 
specially charged with the reduction and coordination of such data 
may materially facilitate such an undertaking. 

■ 

Storms or Goks, 

It ia much to be desired both for the purposes of navigation and 
Ibr those of general science, that the captains of Her Majesty's ships 
PhU. Mag. S. 4. Vol. 10. No» 67. Nov. 1855. 2 C 
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and ijiastt 1.- of merchaut vegsel-^ -liould be correctly aud thorougldy 
instructed ui the methodi of di^^tmguishing m ail cmei betwecu the 
rotitory ■tonni or gale«» wbkh are properly calkd QfdDaef, sad 
gales of a more ordinary charaeler, but which ar« frequently acoom- 
panled by a veering of the wind, which under certain circumstances 
might easily be confounded with the pbenomena of Cyclones, though 
due to a very different cause. It is recommended tberefuru that the 
instructions, proposed to be iriven to ships supplied with meteorolo- 
gical instruments, should couUm clear and simple directions for 
distiuguitohiug in all cases and under all circumsiuMces between these 
two kinds of storms ; and that the forms to be issued for reotnding 
the meteorological phenomena during great atmospheric disturbances 
should comprehend a notice of all the particulars which are required 
for forming a correct judgment in this respect. 

TkunieT'ft&rmg. 

It is known that in the high hititudes of the northern and southern 
hemispheres thunder-storms are almost wholly unknown : aad it is 
believed that they are of veiy rare occunence over the ocean in the 
middle latitudes when distant from continents. By a suitable classi- 
fication and arrangement of the documents which will be hencefor- 
ward reccix'cd by the Boju-d of Trade, statistical tables may in pro- 
cess of time be formed, showing the comparative frequency of these 
phenomena in different parts of the ocean, and in different months 
uf the year. 

It is known that there are localities on the globe where, during 
certain months of the year, thunder-storms may be considered aa a 
periodical phenomenon of daily occurrence. In the Port Royal 
Mountains in Jamaica, for example* thnnder«etorms are said to tidce 

place d/fi/y about the hour of noon from the middle of November 
to the middle of April. It is much to he desired that a full and 
precise account of such thunder-bt- i nis, and of the circumstances in 
which they appear Cu uriginate, should be obtained. 

In recording the phenomena of thunder and lightning it is de- 
sirable to state the duration of the interval between the flashes of 
lightning and the thunder which follows. This may be done by means 
of a seconds-hand watch* by which the time of the apparition of the 
flash, and of the commencement (and of the conclusion also) of the 
thunder may be noted. The interval lyetween the flash, and the com- 
mencement of the thunder, has been kiiowu Lo \ ui v ia diiitrunt cases, 
from less than a single second to between 40 aud 50 secuuds, and 
even on very rare occasions to exceed 50 seconds. The two forma 
of ordinary lightning, viz. zigzag (or forked) lightnuig. and sheet 
lightning, should always be distinguished apart; and particular atten* 
tioD should be given both to the observation and to the record, in the 
rare cases when zigzag lightning either bifurcates, or returns upwards. 
A special notice sliould not fail to be made wlien thunder and lif^ht- 
ning, or either separately, occur in a jjcrfectly cloudlesb c-ky. Wlien 
globular lightning (balls of tire) ie seen, a particular record t-hould 
be made of all the attendant circumstances. These phenomena are 
known to be of the natare of lightning, from the injury they have 
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oeeasioned in ships and buildings that hwt been stnick by them ; 
but they differ from ordinary lightning not only by their globular 
shape, but by the length of time they continue visible, and by their 
slow motion. They are said to occur sometimes without the usual 
accompaniments of a storm, and even with a perfectly serene sky. 
Ccnduct()r>^ are now sso lunvcrsally employed in ships, that it may 
seem ultno^t supertiuuus to remark that, should a s^hip be struck 
hf lightning, the most circumstantial account will be desirable of 
the course which the lightning took, and of the injuriei it oeca- 
moned ; or to remind the seaman that it is always prudent, idter 
such an accident has befallen a sliip, to distrust her compassea until 
it has been afbertained that their direction has not been altered. 
Accidents occurring on land from lightning will, of course, receive 
the fullest attention from meteorologists who may be within con-* 
Tenient distance of the spot. 

AuroroB and FaUmg Starw. 

Aorofaa are of such rare occurrence in seas frequented by ships 
engaged in commerce, that it may seem superfluous to give any par- 
tlcttliur directions for their observation at sea ; and land observa- 
tories are already abundantly furnished with such. It is, of course, 
desirable tliat the meteorological reports received from ships should 
alwny? contain a notice of the time and place where Auroras may 
be seen, and of any remarkable features thrtt may attract attention. 

The letter from Professor Ileis, which is one of the foreign com- 
muuications annexed, indicates the principal points to be attended 
to In the instructions which it may be desirable to draw up for the 
observation of " FUling Stars.*' For directions oonoeming Halos 
and Ptohelia, a paper by Monsieur Bravats in the ' Annuaire M4it6o- 
rologique de la France ' ibr 1851, contains suggestions which will 
be found of much value. 

Charts of the Magnetic Variation. 

Although the variation of the compass does not belong in strict- 
ness to the domain of meteorology, it has been included, with great 
propriety, amongst the subjects treated of by the Brussels Confer- 
ence, and should not therefore be omitted here. It is scarcely 
necessary to remark, that whatever may have been the practice in 
timet past, when the phenomena of the earth's magnetism were 
less oiMlerstood than at present, it should in future be regarded as 
indispensable, that variation- charts should always be constructed for 
a particular epoch , nnd that all parts of the chart «hould show the 
variation corresponding to the epoch for which it is constructed. Siicli 
charts should also have, either engraved on the face or attached in 
some convenient manner , a table, showing the approximate annual 
rate of the secular change of the variation in the different latitudes 
and longitudes comprised : so that, by means of this table, the varia- 
tion talran from the chart for any particular latitude and longitude 
nay be corrected to the year for which it is required, if that should 
happen to be different from the epoch for which the chart is con* 
etructed, 

2C2 
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A valuable sen'ice would be rendescti to this very important 
branch of hydrography, if, under the authority of the new depart* 
ment of the Board of Trade, variation-chirts for the North and 
SouUi Atlantic Oceans, for tbe North and Sonth F^idfic Oceania lior 
the Indian Ocean, and for any other localities in which the require* 
meuts of navigation might cadi for thenut were published at stated 
intervals, corrected for the secular change that had taken place 
since the preceding publication. Materials would be furnished for 
this purpose by the observations which are now intended to be 
made, supposing them to be collected and suitably arranjjed wid» 
proper references to date and to geographical pontion, and to tiie 
original reports in which the results and the data on which they 
were founded were conununicated. Bv means of these observations 
the tables of approximate conection ior secular change might also 
be altered from time to time occasion should reqnirc, siaoe the 
rate of secular change it'^elf i« not constant. 

All observed variations, communicated or employed as data upon 
which variation-charts may be either constructed or corrected, should 
be accompanied bj other observational data (the nature of which 
ought now to he well understood), for correcting tl)e observed varia* 
tion for the error of the compass occasioned by tbs ship's iron. It 
ia also strongly recommended that no observations be received as data 
for the formation or correction of variation charts, but such as are ac- 
c<jinpanied by a detailed statement of the principal elements both of 
observation and of calculation. Proper forms should be 8Uj>pik tl for 
. this purpose ; or, what is still better, books of blank forms may be 
Sttppited, in which the observations themselves may be entered, and 
the calculation performed by which the reaults are obtained. Such 
books of blank forms would be found extremely useful both for the 
variation of the needle, and for the chronometrical longitude (as 
well as for lunar obstrv itif n«. if the practice of lunar observations 
be not, as there is too much reason to fear it i>=, almost whollv dis- 
continaed). By prepann<2: and issuing books of blank forms suit- 
able for these purposes, and by requesting tlivu ruiuru m accompa- 
niment with the other reports to be transmitted to the Board cf 
Trade at the conclusion of a voyage, the groondwark would be Imd 
for the attainment of greatly improved habits of accuracy in pne- 
tical navigation in the British mercantile marine. 

The President and Council are aware that they have not exhausted 
the subject of this reply in what they have thus directed me to kJ- 
dress to you; but they tluuk that perhaps they have noticed as 
many points as may be desirable for present attention; and they 
desire me to add, tbat they will be at all times ready to resume the 
consideration if required, and to S1^>ply any further suggeatiotta 
which may appear likely to be useful. 

I have the honour to be. Sir, 

Your obedient Ser\'ant, 
W. SHAHPEY, 

Stc* R,SL 

The Secretary of the Lords of the Com- 
wUt99 of Prwj^ CmmeUfor TVwIs. 
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June 21.~The Lord Wrotteslej, Prerident, in the Chair. 

The following coramunicatioii^ were read : — 
On a supposed Aerolite or Meteorite found in the Trunk of an 
old Willow Tree in the Battersea Fields." By Sir Roderick Impey 
Morehison, F.R.S. 

In bringing this notice before the Royal Society* it is unn«ee»Bary to 
recite, however briefly, the history of the fall of aerolites or meteorites, 
as recorded for upwards of three thousand years, though I may be 
pardoned for reminding; my Associate?, that the phenomenon was 
repudiated hy the most learned aeademies of Europe up to the close 
of the last century. The merit of having first endeavoured to de- 
monstrate the true character of these extraneous bodies is mainly 
due to the German Chladni (1794), but his efforts were at first 
Tiewed ^th incredulity. Acoirding to Vaaquelin and otiier men 
of eminence who have reasoned on the phenomena, it was in 1802 
only tiiat meteorites obtained a due degree of consideration and some* 
thing like a definite place in science through the studies of Howard, 
as shown in his memoir published in the Philosophical Transactions. 

Vauquelin, Klaproth, and other distlnrruished chemi«ts, including 
Berzclius and Ilammcl>l>erg, have succesaively analyj^ed these bodies, 
and the result of their labours, as ably brought together in the work 
of the last- mentioned author, is, that whilst they have a great gene- 
ral resemblance and are distinguishable on the whole by their com- 
position from any bodie.^ found in the crust of the earth, each of 
their component substances is individually found in our planet. 
I'hey are also peculiarly marked by the small number of minerals 
whieh have collectively been detected in any one of them'; nickel 
and cobalt, in certain relations to iron, being the chief characteristics 
of the metallic meteorites. 

Of the various tlieoi le ^ ]>i opoun(ied to account for the origin of these 
siugiilar bodies, it would indeed ill become a geologist like myself to 
speak ; and referring in the sequel to some of the various works in 
which the subject has been brought within formula, I will at once 
detail the facts connected with the discovery of this metaUiferous 
body in tiie heart of a tree, as now placed before the Members of 
onr Society, feeUng assured that, whatever be their ultimate deci* 
sion, my oontemporaries will approve of the efforts that have been 
made to r-coount for this "intrular and mysterious jihonomofion. 

On the 2nd of June, a timber merchant, residing at North Brix- 
ton, named Clement Poole, brought the specimen now exhibited to 
tlie Museum of Practical Geology, when it occurred to Mr. 'I'renhum 
Keeks, our Curator, that it might he a meteorite, and on inspecting 
its position in the mass of wood, and having heard all the evidence 
connected with it, I was disposed to form the same conclusion. On 
submitting a small portion of the metallic part to a qualitative test 
in the metallurgical laboratory of our establishment, the presence of 
nickel, cobalt and manganese was detected in the iron included in 
the mass, and ns the surface was scorified, indented, uneven, «nd 
partially coated with a peculiar substance, the surmise as to the 
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neteoric natoie of tlie imbedded mftterial eeemed to be rendered 
miidi move probable. Agein, in looking at the wood wliidi imme- 
diately surrounded that portion of the mass which remained, as it is 
now, firmly inserted in the tree, a blackened substance was observed 
to be interpolated between the supposed meteorite and the sur- 
rounding sound wood. On the outside of this substance (which had 
somewhat a charred aspect) we observed a true bark, which follows 
the sinuosities of the wood wherever the latter rapears to have been 
influenoed by the intrusion of the foreign mineru matter. [Hie spe- 
cimen is represented in the annexed wood-eat.] 




Seeing thus enough to satisfy omr conjeetTe^ ll' sanctioned by 
other evidence, I desired Mr. Poole to bring all the fragments of the 
wood he had not destroyed which surrounded this body. On placing 
the ends of some of these (also now exhibited) on the parts from 
which they had been sawed off, they indicated that the space be- 
tween the mineral substance and the surrounding sound wood 
widened upwards; the decayed wood passing into brown earthy 
matter with an opening or cavity into which rootlets extended. On 
interrogating Mr. Poole, who cut down the tree and superintended 
the brmking up of its timber, I learnt from bim all requisite parti- 
culars res])ectinrr its dimensions, the position of the ferruginous 
mass, the quantity of wood above and below it, a description of the 
place where the stool of the tree was still to be seen, and of the 
parties who, living on the spot, were acquainted with every circum- 
stance which could throw light on the case. 

At this period of the inquiry, the Museum in Jermyn Street was 
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▼»ted liy Dr. Sbepard, PtrofeMor in the University Cotteget Am- 
heiit. United States, whose reaesrches on meteorites are widely 
known, and who has furnished an able classification of them 1^ 

which they fire divided into the two great classes of stony and me- 
tallic. Ilaviny; carefully examined the 8j>criTnm. f)r. Shepard ex- 
prcfc-cd lutt decided belief that it was a true meteorite, and the next 
day wrote to me the following account of it ; at the same time re- 
ferring me most obligingly to a series of interesting publicaUouii un 
the subject as printed in Aniwiea and Europe*:— > 

*'Coneeming the highly interesting mineral mass, lately found 
aneiosed in the trunk itf a tree, and of which yon ha^ done me the 
honour to ask my opinion, I beg leave to observe, that I have no 
hesitation in pronouncing it to be a true meteorie stone. 

'* Aside from the difficulty of otherwise acconntlni^ for it, under 
the circumptances in which it is found, the ma.-^s presents those 
peculiar traits that are regarded n«» characteristic of meteorites. It 
has, for example, a fused, vitriiied black coating, which is quite con- 
tinuous over a considerable part of the mass, and contains .several 
grains and imbedded nodular and vein-like portions of metallic iron* 
in which I understand nickel and cobalt have been detected. 

** The general character of the body of the stone is indeed pecu* 
liar; and as a whole, unlike any one I have yet seen ; it being prin- 
cipally made up of a dull greyish yellow, peridotic mineral, which I 
have nowhere met with among these productions, except in the 
Hommoney Creek meteoric iron mass, and which exists in it only in 
a very limited quaiilit) . It is singular to remark also, that the 
stone under notice strikmgiy resembles in size, shape and surface, 
the iron above alluded to. 

The absence of the black, slaggy coating on one of the broad 
anrfaoes of the stone, may arise from its having been broken away, 
hj the violence to which it most have been subjected in entering 
the tree; for it appears to have buried itself completely at its con« 
tact, an operation which would probably have heon impossible, in 
the case of a stone, but for its wedge-shaped configuration, and the 
coincidence of one of its edges with the vertical fibres of tin* wood.** 

In reply to a question I subsequently put to Dr. Shepard as to 

* Dr. Shepanl's nnmcrons memoirs on meteorites aw? all to he found in the. 
volufue* of the Aroericaa Journal of Science and Art, and in the same work the 
reader wUl find not only the general daniftcation of these bodies by tlifs aotbor, 
who possesses a collection from 103 localities, hut also essays on the same latjleel 
by his conntrymen Dr. Troost, Professor Silliman, jun., and Dr. Clark. 

In our own country, Mr. Uraylcy published some years a({o a comprehensive 
view of this tuta|ect in the PhiUMophieal Magazine, and recently Mr. Greg hat In 
the same pulilication put togctlu r all the previous and additional tnatcrials. -with 
tables showing lite geographical distribution of meteorites. Among the well- 
recorded examples of the fall of njctalUferous meteorites, no one is more remark- 
able than that which happened in the year 1861« about sixteen leagues S.E. of 
Barcelona in Spain. In ribing that phenomeiioTi. !>r .Tor!f|i;iin HalcelK, Vro 
fessor of Natural Sciences at Barcelonai has illustrated the subject with much 
erudiUout whilst his tbeofetical views are ingeidoas ia bis endeavour lo esphhi 
how meteoiitea afe derived fnm the moon. 
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whether he knew of any examples ol meteoritet having atrock trees 

in America, he replied as follows : — 

" i think you will find in the volume I left with Mr. Reek?: at the 
Museum, an account of the fall of Little Piney, Missouri, February 
13th, 1839 ; in which it is stated that the stone struck a tree anil 
wat ihaitterad to fragmentf « it being one of a brittle chancCer. In 
the interior oC the &bam» ootrnty, N. Garolina, a stone (October 
31, 1849) I Imow etrock a tree, and I found it was difficult, indeed 
impossible, to separate completely the adhering woody fibres from 
th<' ro\!gh hard crust of the raeteorite. The storv in this case i*? a 
peculiarly tourrh oue, having a decidedly tFippean character, render* 
ing it HS ucajiy uitragile as cast iron." 

Aware that some time must elapse before the precise analysis, 
whieb I wiriied to be made in the laboratory of ]>r. Percy, could be 
completed, and that tbe last meeting of tbe Royal Society was to be 
held diia evening, I announced the notice I am now connaunioattng* 
At the same time I resolved to visit the localitj- where the tree stood, 
and to obtain on the «5]K>t all the details required. Having done so, 
accompanied by Mr. Robert Brown, Sir Philij) (Jrey Egerton. Pro- 
fessor J. Nicol, and Mr. Trenhum Reeks, the iutormaUon ultimately 
obtained was as follows > 

Tbe man who helped to eiit down the tree confirmed in every re- 
spect the evidence of Mr. Poole as to its positbn, height, and dimen* 
sions, and pointed ont to us the stump or stool we were in search of, 
which is to be seen at nearly 200 yards to the east of the St. George's 
Chapel, Lower Road, Battersea Fields, and at the eastern end of a 
nursery garden, bttween the railway and the road, occupied by 
Mr. Henry Shaiicr. 

The tree was a large willow, probably about sixty years of age, 
which stood immediately to the east of the old parsonage house re- 
cently pulled down. Its stem measured about 10 feet in circnm- 
ference at 3 feet aT)ove the ground, and had a length of between 9 
and 10 feet; from its summit three main branches extended, one of 
which, pointini^ to the JS.W. or W S.W., had been lor many years 
blighted, and waf^ rottru to near il& junction with the top of the 
main trunk , u portion of tliib blighted mam branch is exhibited. 
The oiher two main branches, which rose to a height of 50 or 60 
feetf were quite sound ; a part of one of these offsets is also exhi- 
bited. 

Ilie stool of the tree was visibly perfect and without a flaw, and 
at the wish of Mr. R. Brown, a section of it has been obUiined since 
our visit, which is also here, and the rings of which seem to confirm 
tlie suppo^itiou us to the agG of the tree.' 

Mr. Poulc having conveyed the tree to Brixton, cut the trunk into 
two nearly equal parts, intending to make ericket-bats out of each. 
In doing so, he perceived that the upper portion of the lower of the 
two segments wss in a shaky or imjierfect condition, and hence he 
resolved to i«aw off the upper part of it, intending thereby to obtain 
wond large enough for the " pods " of his cricket-hats, but not such 
entire bata us he wat^ making out of the upper segment. 
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In dividiiig the tvee» the taw mm stopped at about 8 inches from 
the anilBce on one side (or the breadth of a Uiige saw) hj a very 
hard, impenetrable substance, which was supposed to be a nail« and 
hence Mr. Poole resolved to break up the portion of the wood he 

had previoujly condemned as of inferior qn-rilify, and hewinj^ it down 
from the «ide« he uncovered, to his astonisiiment, the great lump of 
metalliferous rnatttr, as now seen. Attachini^ little value to it, 
much of the surrouiiding wood was thrown away or used up before 
the epecimen was brought to Jermyn Street; but euough ha:^ been 
obteincd to tiirow light on the probable or posiihle origin of the 
included mess. 

On interrogating Henry Shailer, a market gardener, who has long 
lived on the spot and managed the ground where the tree grew, 
when it was part of the garden of the former clerg3rman (Mr. Wed- 
dell), I learnt from him that he had known the spot for sixty years, 
that in his days of l)oyhood it was a fellmonger's yard, before it was 
attached to the jrardc!i. He had observed that the tree was blighted 
in one of its tuuin brunches for many years, and had always sup- 
posed that it was struck by lightning in one of two storms, the 
fiiat of which hupjjened about 18S8 or 1889, the other about nine 
years ago. 

So hr the evidence obtained might be supposed to favour the 

theory that this ferruginons mass* had been discharged near to the 
blighted branch, and bad penetrated downwards into the tree, to the 
]>(>*!tion in which we now see it, charring and warping tlie wood 
immediately around it in its downward progre«t» ; whilst in the six- 
teen years which have i lapsed, the wood renovating itself, jiroduced 
the appearance winch lias au much interested the eminent botanists 
who have examined it, viz. Mr. R. Brown, Dr. Lindley, Professor 
Henfirey, Dr. J. Hooker, and Mr. Bennett. 

On the other hand, I must now point ont some features of this 
extraordinary case which check the belief in the indoded mass being 
a meteorite. 

We found lying near the root of the tree two fragments, one of 
which is similar to the substance included in the tree, while the 
uthcr is decidedly an iron slag. On bringing thenc fra<rraents, 
wciL^hing seveml pounds, to Jermyn Street, and on brcEikinj^ one of 
them, it was found, like the supposed meteorite, to contam certain 
small portions of metallic iron, in which both nickel and cobalt were 
also present ; and hence the scepticism which had prevailed from 
- the beginning of the inquiry in the minds of some of my friends, 
was worked up into a definite shape. 

The occurrence of stones enclosed in wood is not a novel pheno- 
menon. Mr. Robert Brown has called my attention to two cases 
as recorded iji the following works : — 

** Dc Lapide in trunco Betula* reperto. G.F.Richterin Acta Phys. 
iVied. Acad. Nat. Curios, volume 3, page 66 f-" 

* The ferruginous mass is, it is supposed, about thirty pounds in weight ; but as 
one of its extremilies is still imbedded in the wood, the precUe weight canaot be 

stated. 

t ** Lspit pnedums subslbicsm ei msnifette siliceitt pnmi fenne sut jn^sndit 
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Royal Society :• 



" Descriptio Saxi in Quercu invent!. KeUander, Acta Litenm 
et Sciential Suecia?." 1739, j^p. 503. 503. 

Since the Batter«en pheuoroenon was announced, Professor Hens- 
low, to whom I had applitid, wrote tu me saying, that he possessed 
a remarkable example of a stone which was foSsA imbedded in the 
heart of a tree, in sawing it up in Flymoafii Doc k y a rd; and he has 
obligingly sent up the specimen, which is now also ediibited. In 
this case, judging from the mineral character of the rock, and its 
beiup slif^htly magnetic, Profo«?or Hcn!?low supposed that it vra? 
perhaps a volcanic !)omb. Un referring it to Dr. Shepard, that 
gentleman entertains ihc ojunion that it i-^ iilsu a meteorite, and 
states that it resembles certain meteoric stones with which he is ac- 
quainted i suspicions of which had also been entertained by Fhileesor 
Henslow, From the examination of a minute fragment which I de- 
tached from this stone, it appears to be composed of a base of fel- 
spathic matter, with minuto cr]rBtal8 of felspar and of magnetic irao 
pyrites. Externally it has a trachytic aspect, thourrh, when frac- 
tured, it more resembles, in the opinion of Mr. Warmgton Smyth, 
a pale Curm-h clvan or porphyry than nny other British rock with 
which it can be compared. Whatever may have been the origin of 
this stone, which is of the size of a eUld's head, it is essentially dif- 
ferent from the metalliferous mass from Battersea, to which atten« 
tion has been specially invited, and its position in the heart of an 
oak is equally remarkable. Like the fiattersea spedmen, the seg- 
ment of wood from Plymouth Dockyard is characterised by an inte- 
rior bark which folds round the sinuositic? of the included stone. 

In respect to the envelopment of manufactured materials in trees, 
my friend, Mr. H. Brooke, the distinguished mineralogist, tells me 
that he perfectly remembtfa the case of an iron cha& whidi had 
been enclosed in the hesrt of a tree, the wood of which was sound 
around the whole of the included metallic body. This specimen 
was to be seen some years ago in the British Museum. Again, he 
informs mc that ut Stoke Newington he recnllcrt? to hnve seen a 
tree, the trunk of which had gro^Ti over and cnmpletely enciosed a 
scythe, except on the Hides where its ends protruded*. 

Whatever may iiave been the origin oi the metalliferous mass from 
Battersea, its disooyery has at all events served to devdope oertsin 
peculiarities in the growth of plants whidi appear to be of high in* 
terest to the eminent botanists who have examined the parts of this 
tree which surrounded the supposed meteorite. Unwilling to endea- 
vour to anticipate the final decision as to the oriirin of the body in 
question, I may be permitted to feel a ?fitisfaction that its discoverer 
broup^ht it to the Establishment of wluch 1 am the Director, and 
which numbers among its. officers a 1 eliow of this Society, who is so 

miuoris magnitudinc. **** Nidus ad figuram Itpidit non plane aoooaunodatu, 

serl (jiiadrangulus. c( liinc illinc in mediocres rimas desincns, corticeqiie impinni 
iiotabiU, non mullunt ab cxteriori cote diverso, maximam partem vestitus." 

* Many other examples of extnaeoot bodies foond endoaed in the heart of 
trees liave been brought to my notice since this account was written. The most 

curious of these is perhaps that of an image of the Virgin, wliich having beea 
placed in a niche had l/ecome imbedded by the growth of the tree aiound it. 
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well calculated, by bis analytical researches, to settle the question on 
a permanent basis. Should the motallnririonl analyses now under the 
conduct of Dr. Percy lead to the inevitable conclusion tliat the com- 
position of this body is diiferent from that of well-authenticated 
meteorites, and is similar to that of undoubted iron slags, we shall 
then have obtained proof* of the gieat enrcumspectioa required be- 
fore we anign a meteoric origin to some of these crystalline iron 
masses, which though not seen to fall, have* from their containing 
nickel, cobalt and other elements, been supposed to be fonned b^ 
causes extraneous to our planet. 

Pbstscript, SOth Jnne 1855. — The foUowiiw are the analyses above . 
referred to, which have been given to me by Dr. Percy since the 

preceding notice was read : — 

"TAe slag-Vtke ma/^er ( 1 ) attached to the metal in the tree, as well 
as the similar matter (2) with adherent metal which was found by 
Mr. Reeks in the vicinity of the tree, has been analysed. The results 
are as follow • 





No. 1. 


No. 2. 




58-70 


C3-52 




35-46 


32*30 




0-30 






n-74 


0-21 


Protoxide uf manganese . . . 


trace 


trace 




3*40 


2*85 




0*48 


0-57 




trace 


trace 




99-03 


100-04 



" No. 1. was analysed by Mr. Spiller, and No. 2. by Mr. A, Dick, 
chemists who have been incessantly cnpij^ed at the Museum during 
the last two years and a half in the analyses of the iron ores of this 
country, and whose great eiperience renders their results worthy of 
entire confidence. Cobalt and nickd were not sought for in either 
ease, but the metallic iron enveloped in both specimens contained a 
minute quantity of cobalt and n^Bkel. Another piece of slag-like 
matter, which was found on the ground near the tree, and which 
from its external characters I have no hesitation in pronouncing to 
be a slag, was examined for cobalt and nickel, and gave unequivocal 
evidence of the former in mmute quantity, though not satisfactorily 
of the latter. 

< '* Hie metal previously mentioned is malleable iron. That which- 
was detached from the slag-ltke matter* found outside the tree, was 
filed and polished, and then treated with dilute sulphuric acid. 
After this treatment, the surface presented small, confused, irregu- 
larly-defined crystalline jilates, and was iflcntical in appearance with 
tlu arfacc of a piece of malleable iron simiiarly treated after fusion 
in a crucible." 
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Extract of a Letter from Professor Langberg of Christiania to 
Colonel Sabine, dated June 10, 1855. 

" Of all the important reaolts from the diBCuaaiona of the Britidi 
Golomal Observatory, the dUcovery of the Mreci action of the sua 
on the magnetism of the earth is certainly a fact of the highest uu 
terest, in opening quite n new field for investigation; and few modem 
diacoTcrics iu thi- hrauch of science have interested me more than 
yours of the ajujuai variation of the diurnal variation of declination. 
It seems that M. Secchi of Home has nearly touched at the same 
discovery, and I am indeed glad that the enormous quantity of cal- 
enkttons, ivhich yon are superintending, did not prevent yon from 
pnblishing your results before the ripening fruit was plucked by an- 
other. The first beautiful result of this annual variation is the ex- 
planation of the fact, which you have deduced from the observations 
at St. Helena and the Cape of Good Hope, that the horary variation 
of declination d(jcs not vanish in passing from the northern to tiie 
southern magnetic hemisphere, but only changes signs at the equi- 
noxes. I think every physicist will agree with you, that no thermic 
hypothesis will be able to explain this annual variation* but as you 
say (Toronto, ii. p. xix), it is 'obviously connected with, and de- 
^ndent on, the earth's position in its orbit relativdy to the sun, 
around which it revolves, ns tlie diurnal variation is connected with 
the rotation of the earth on ix-^ axis.' But you have given no hint 
how this different position in lU orbit can affect the magnetic condi- 
tion of the earth, except so far as you suppose that the excentritniy 
of the orbit is the reason that the total magnetic force is about ^-^^-^ 
greater at the perihelton than at the aphelion (page zciii) ; but even 
granted that this variation is the effect of the excentricity, it cannot 
be the cause of the annual variation of the decUnatton, as this is of 
contrary signs in the two semiannual periods. 

" I have tliou^rht th'it this annual vuriatiou might possibly be ex- 
jluinod bv the i oJl i\\ing considerations, which I (although with 
^Jj^llll^ithcicnce) bhall venture to lay before you. 

•T^^tt^^Tecent magnetic observations have proved without doubt 
the direct magnetic action of the sun, or that the sim itself is a 
magnet, the sun must accordukgly have magnetic polarity or mag- 
netic poles. Now in our ignorance of the causes of the magnetic 
condition of the heavenly bodies, I think it reasonable to connect it 
-in some way with their rotation on their axes, and to at-sume that 
generally their magnetic axis will nearly coincide with the axis of 
rotation ; at all events, if tliese do not coincide, but include a small 
acute an^lc, the sum of the magnetic influences on a distant mag- 
natie body during a whole rotation, will be nearly the same as if the 
magnetic poles were placed in the axis of rotation. If we suppose 
a magnet £ revolving about another S, the magnetic axis of K re- 
maining parallel with itself, but not parallel with the axis of S (as 
the earth around the sun), then the magnetic induction of S on li 
will depend on the relative position of both magnetic axes. More- 
over, it" w e only regard the mean of the magnetic induction of the sun 
on the earth during several rotations of both uu their axes, we may 
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approximately assume that the magpietic axis of both coincides with 
the axis of rotation, and compare their relative position during a 
whole revolution or annual period, with the mai^tiitic variation in 
question. Now, if a plane is laid thr iiltIi the sun's axis parallel 
with the axis of the earth, this plane inter:<ccts the ecliptic in two 
points, whose longitudes are 286*^ and 106°, and has an inclination 
of 83^*2, both axes forming an angle of 25*^*8. Accoidingly, the 
northerly prdongttioa of both axes will eonverfe (at in 1 and 2) 




when the longitude is 28G°, or about seventeen days after the summer 
solstice, and the southerly prolongation (as in 2 and 3) when the 
lon'ntudc of the earth is 106*', or sixteen davs after the winter 
sohtice. About sixteen days a/tr^r the equinores the axes are in the 
pt -Ition 2, and the radius vector forms the greatest angle with the 
above- liauitd pkuje, viz, 83°*2. It is therefore evident, that the 
greatest magnetic inductiou takes place at the two solstices, but of 
opposite chfuacter, as the n«rth poles converge in one, and the south 
poles in the other semiannnal period : the change takes place nr- 
tetn days after the equmoxes, exactly as you have found by observa- 
tion, and I regard this circumstance as very important evidence for 
my hypothesis, although you . have shown that it could also be ac- 
counted for by the fact, that all magnetic induction takes some time 
ere it attains its max i mum. 

"If the sun*8 magnetic axis does not coincide wUb the axis of ro- 
tation, then I suppose we shall find, by mure minute examination of 
the observations, that there exists also a small magnetic variation 
corresponding to the sun's geocentric rotation, or 27*68 days. 

" There seems also to be strong reason to suppose that Hansteen's 
discovery about the annual periodic frequency of the aurora bovsalts, 
which has a marked maximum at the equinoxes, and even a more 
marked maximum at the solstices, is connected with the same 
cause." 
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LII. hUeUigence and Miscellaneous Articles, 

CONTRIBUTIOKS TOWARDS THB KNOWIADQB OP FLUOBnCBNT 

BODIES. BY G. WBBTBBB. 

IN the following experiments n my of light was throwu, by means 
of a heliostat, upon a pnsm provided with a lens, and the portion of 
the spectrum from the red to the violet was shut off. The substances 
to be examined should in tbie arrangement be held only in the violeC 
and opake portion of the Bpectrum. It appeared, and indeed this is 
characteristic of fluorescent bodi^. that all the violet was extin- 
gniehed, and instead of this a yellowish or bluish-green li^^t of 
greater or less intensity made its appearance. In the other parts of 
the spectrum these bodies exhibited the usual prismatic colours. 
The greater or less extent of the fluorescent part of the spectrum 
was always compared with some sulphate of quinine spread upon 
paper which wius stretched over a glass plate. Some ui the sub* 
Stances which are fluorescent in the solid fom were also diseolved 
and laid upon paper. Frotocyanide of potassium and platinum laid 
on to a sufficient thickness, appeared, with regard to the extent and 
distinctness of its projection of FVaunhofer's lines, as good as sul- 
phate of quinine. Acetate of uranium and soda did not show fluor- 
escence ntuil its concentrated solution had been applied several times. 
Its solution also did not exhibit the epipolization (the bluish lustre) 
presented by solution of sulphate of quinine. Solution of protocy- 
anide of potassium and platinum also does not exhibit this property 
when greatly diluted. The salts examined were» — 

Behaviour 



CompeuBdi. In tiie violet. Bdiiiid lh« Tiolel. 

TT2 Q8 PQ6 5HO 1 

IPO^' \sO* 5H0 j Strongly yellowish-green. Flnoreiieeui greenish-yefl. 

(2lP03^-HO)PO'^ + HHO...Bhli^h-srroon. Flnorescent grcciiish-ydL 

(2U«Oa+HO)P0^ + (> no.. .Very alight grecnish-yeUow. Slight yellowish-greeo. 
(2U2O3+HO)P0'-f31IO... No result. 

(2U2(y»-f HO)PO* Sironglv vellowisb-green. Sliieht erecnish-Tellow. 

(010+211* 0^FO*-f8HO 1 S(pQ„g sea-green. Strong yellowub-green. 

The same, as hme-uranite. j » » » ' o 

(C«0+2U'03)PO.+8HO| 
The same, as chalcoute. J 

(Cu04-2U2 03)A80^-f 8110. No resoli. 

KOA+2(U3 0SA)+2HO ...No result. Slight yellowish-graSB. 

NaOA+2(U^O<A) Blniih-gceen. Stnmg ysllowidi-freeii. 

(IJ»0«)«, PO»+(ll«0»)», P0» ' 1 
2(2U*0<,PO<)+NaO, U^Qs+SHO [ NomUt 
(NaO+2U2 03), AsO*+5UO J 

\}i 0*, N0«+6U0 Stroeg jellowish-green. Strong greenish.yeUaw. 

— Joum^fur Prakt, CkenUe, vot Izv. p. 349. 
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ON THE ACJSTATCS OF MANOANESK, CADMIUM, AND NICiiEL. 

BV U. C. VON HAVER. 

The acetate of manganese assumes the form of rose-coloured 
rhoml)()ul;il lamellne, rrenerally with truncated edge? ; it contains luur 
a to ma ot water, uud is probably utomorphoiu with the acetate of 
magneaia. The acetate of cwfmittm It ao diffieult to obtain, that 
aereral chemiatB have denkd ita esiatenoe. It cryataUizea in rather 
large pfiama, with atfoogly briUiant pknea* which M. Zephavovich 
has determined to belong to the augitic (hemtpiiunatic) system. 
The acetate of cadmium contains three atoms of wsXett and ia idea- 
tical m chemical character with the acetate of zinc. It is only- 
obtained by leaving the acid solution to evaporate in absolute repose. 

Acetate of nickel contains four atoms of water. Its cr>'stiUlo- 
graphic description has been recently given in M. Schabus's memoir, 
which obtained the prize oficred by the Imperial Academy of Vienna. 
^FroeetdiMgs of /Ae/a^wrial Geohjfieal ImHhiie of Vieima, Monk 6, 
1855. 



MEIEUHULUGICAL OBiiLHVATIONS FOR SEPT. 1855. 

C'Attirici-.— September 1. Clear and fine : cloudy. 2. Cloudy. 3. Clear: slight 
shower : fine. -i. Cloudy. 5. Fiue : cloudy : clear aud cold at uight. 6. Clear : 
dottdy. 7. Veryelcsr: doudy : an*. 8. DeoBelbg: desrsnd very fine. 9. Very 
fine. 10. Foggy: fine: very clear. 11. Very fine. 12. Slight fog: very fine: 
dear : rain at n^t. 13. Kaia. 14. Coostant rain. 15. Uniformly overcast : 
fine. 16. OvercMt: dear and fine. 17. Rain : hazy : overcast. 18. Hazy : over- 
CMt 19. slight haze : fine. 20 — 22» Foggy in the mornings: very fine. 23. 
Fine: cloudy: very clear. 24. Overcast. 25. Fine: cloudy: clear: frosty at 
night. 26. Slight haze : very dry air : frosty at night. 27. foggy : very fine : 
doedy. 28, 29. Cloudy : rdn. 30. Hasy : dondy s nio tt nigbl. 



Mean temperature of the month 56^*11 

Mean fPTTii>eriitiire of Sept. 1851 , -93 

Mean temperature of Seut.for the la»t twenty-nine years ... -UB 
AMTige ainoant of niii in Scft. 2*503 iodict. 

Bo$imu—4k!jpL 1. Cloudy : rain p.iff. Cloudy. 7»8. Fine. 9, 10. Chnidy. 

11,12. Fine. 13. Fine: rain a.m. M— IS. Cloudy. 19,20. Fine. 21,22. 



Qoudy. 23. Fiue. 24. Fine : rain a.m. 25. Cloudy. 26,27. Fine, 28. Fiue: 
rain p.m. 29. Cloudy : raiu a.m. 30. Cloudy. 

Sandwick Mauve, Orkney. — Sept. 1,2. Bright a.m.: cloudy v.u. 3. Cloudy 
A.M. and P.M. 4. Bright a.m. : clear p.m. 5. Showers a.m. t dear p.m. 
6. Drizzle a.m. and p.m. 7. Cloudy a.m. showers iv%f M f'lrar a.m.: -^Tiowers 
P.M. 9. Bright a.m. : showers p.m. 10. Cloudy a.m. : showers, aurora p.m. 11. 
Showers a.m. : dondy, aurora p.m. 12. Bain a.m. : dear, aurora p.m. 13. Cloudy 
A.M. : dear F.M. 14. C3oady, hoar^fimat a jt. s eleai^ amoia p.m. 15. Hrigh^ 
hoar-fro'^r a.m.: cloudy p.m. 1G. Showers a.m.: clear p.m. 17, 18. Showers 
A.M. and F.M. 19. Cloudy a.m. : drops p.m. 20. Cloudy a.m. and p.m. 21. 
Showera a.m. t drfide f.ic. 22* Damp a*m. i dfinle p.m. 23. Cloudy a.m, t 
detr, fine p.m. 24. Clear a.m. : fine, cloudy p.m. 25. Cloudy a.m. : fine, dropa 
P.M. 26. Drops A.M. : fine, clear p.m. 27. Drops a.m. : cloudy p.ii, 28, Dropa 
A.M. and P.M. 29. iUiu a.m. : fog p.m. 30. Fog a.m. and p.m. 

Mean temperature of Squt. for twenty-dgbtpfisvioiiajearB ... 52**42 
Mean teuipcrntt'rr r>f tliis nunith .•.....•••»•.•««...••..••.••••... 52 '74 

Mean temperature ot Sept. lH5i .55 07 

Average quautit) ui rain in Sept. for fifteen previuuii yearn ... 2*81 inches. 
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LIXl, On the Transmission of Heat in Metals. 
By G. Wiedemann*. 

1. Conduetilnlily ofZine* 

AN investigatiou untlcrtaken by myself and Dr. Franz showed 
that the values of the relative condnctihilitv of ditfereut 
metals lor heat and electricity were very nearly equalf* 

With the saiiK^ apparatus which served iur the earlier experi- 
ments, I have recently undertaken a determination of the con- 
ductibility of ziuc for heat. 

A zinc wire, 4*4 millims. thick, was used; its surface was very 
carefully polished, but not silvered. The wire was investigated 
in air. Its temperatures were taken at points, which followed 
each other at distances of 2 inches from the warmest pait of 
the wire (the zero point) to the coldest, and in de|[:;ree3 of the 
galvanometer dcsciibed lu the alnn e paper, weic as follows 
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The numbers in the column x are the distances from the zero 
to the several points on the bar at which the temperatures were 

* From Po^rgendorflTs Annalm, vol, xcr. p. 337. 

t Pogj^endortTs -4na«Zeii,vol.l\xxiK. p.497; uud PhiL Mag.vol.Tii.p.33« 

Pha. Mag. S. 4. Vol. 10. Nu. C8. Dec. 1855. 2 D 
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observed; under t are found the corresponding deflectionB of 
the galvanometer when the thermo-electric element uied in mea- 
suring the temperatnrea was applied to those parts of the bar ; 
under q the quotients are given which are obtained by dividing 
the t standing near the corresponding q, into the sum of the 
temperatures standing above and below it. 

If the highest temperature observed in each :>cnea be atsumfwl 
equal to ICMO, the other temperatures wiU be as follows 
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From the mean value of the quotients ^=2*321, the relative 
conductibility of the sine bar may be estimated at ^O'S, tf the 
conductibility of an equally thick silver bar be placed at 100. If 
the deflections of the galvanometer given in the first table be 
reduced to actual excess of temperature of the several points^ of 
the bar above the aurrounding air, the conductibility of aine 
against that of silver at 100 will be-- 

10*0. 

BecquciL'l found that the conductibility of zinc I'oi electricity 
was 24 (silver =100). Zinc takes, therefore, pretty much the 
same place in the list of metals, whether considered as a con* 
ductor of heat or electricity. 

2. Passa^ of Heat fimis im niM wmthtr. 

In considering the relative conductibilities of the dilfereni 
metals for heat, the question suggests itself, what takes place on 
the passage of heat from one metal to another. 

besides the old experimrats of Fourier*, made with the con* 
tact thermometer, from which, however, no certain eouclUsionB 
can be drawn, this question has been treated by M. Despretst, 
and not long since, orieily, by M. Angstrom 

M. Dcspretz pressed together the sections of a copper and a 
tin bar, and heated the free end of the copper bar. The tempe- 
ratures were ohsen ed by means of thermometers sunk in differ- 
ent parts of the bars, and from these Desprets calculated the 
temperatures at the point of contact, and found that the tempe- 
nture of the copper oar there was 1°*47 C. higher than that oC 

* PoggendorfF'it Amfkatoi, voL xiii. p. 327. 

t IM. vol. xlvi. p. 4d4. X Ibid. voL izaxviii. p. I66« 
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the tin bar. Il a pit;ce ui jjapLT were interposed between them, 
tlie Jklleience amounted to 5^*5 C. lleucc Despretz concludes 
that heat suffers a resistance in its passage from one metal to 
another. Besides the numbers here mentioned, Despretz ^¥68 
none by which the entire ptoeess of the expenment can lie leahxed. 

Angstrom has also inatitnted only isolated eiperimenti. He 
heated a bar composed of lead, copper and tin, at the one or the 
other end, and obierved the temperatures at different places by 
means of thermometers sonk in the bar. Angstrom fonnd thit 
the ratio of the temperatures of two parts of the bar, on oppoaite 
aides of a place of contact of two of its metallie components, waa 
greater when the heat passed from the worse to the better con- 
ductor than in the reverse case. In any case this last method 
of experiment is far too complicated to allow any direct conclu- 
sions to be drawn as to the different facilities with which heat 
passes in either the one or the other direction. The bars being 
comparatively short, and hence the tcmperattires observed at 
points equidistant from each other not forming a geometrical 
scries, the mathematical consideration of the question is by no 
means simple. 

The experiments of Gore also give no certain results as to the 
passage of hvnt from one metal to another. 

The folio will 2: experunents are intended to settle the point in 
question, and to examine whether heat really experiences any 
resistanre in its passage. 

For this purpose the same apparatus was used which had been 
constructed for the determination of the relative conductibility 
of the metals for heat. Two metal bars, 5 millims. thick, whose 
oondnetibility had been already determined, were cut in two, 
thdr leetbna aceorately fitted upon each other, and caftfully 
joined by meana of an extremely thin layer of solder. The ban 
thus joined were plaeed in ^e apparatus and heated. The tat- 
perimenta were made in air, and ^ temperatures read off by 
the u>plication of a thermo-electric element at points 2 indiea 
asunder, commencing at the colder and proceeding to the wanner 
parts of the bar. In a second series of obser?ations, the tempe- 
ratures were read off at points midway between the points at 
first observed, so that at last the temperature of the oaia waa 
obtained from inch to inch. 

Of numbere of experiments made in this manner I will select 
only a few. In the following Table, the numbers under x are 
the distancp«? of the several points of tlic bars commencing at the 
place ot junction ; those under / are the rorrrspondiug tempera- 
tures represented in degrees of the galvanonietei . The points of 
the wanner bar, mentioned first in the table, are marked with +| 
and those of the colder with ^. 

2D2 
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At the place of junction a slierht displacement of the thermo- 
electnc LU nicat (with the < \C( j)tion of the ease of the two last 
bars) eauses a considerable deiiectiun in the galvanometer. 

In all cases the temperatures of the colder bari< form aluiosr a 
geometrical scries^ and the bars can hence be considered mli- 
nitcly long. 

If heat passes from one metallic rod into another equally thick 
but tnfinitely l(iDg» the two rods must show a cliange of tempe- 
rature at their junction if the heat eiperienoe a reeiatmoe in its 
passage'!'. 

If the temperature; y, at the p]ace of contact of the colder bar 
be calculated by multiplying the value nnder —1 with the mean 
ratio of the geometrical series which the temperatures of the 
colder bars form; if^ further, this vahic be put equal 100, and 
the other temperatures of the bars calculated accordingly, we 
can^ by an accurate delineation of the curve of heat corresponding 
to the wanner bar, find the value y of the temperature of the 
warmer bar at the place of contact. 

The mean of the present and other series of experiments is 
found to be, — 

« 

* Vide Poin(m*B TMarie nutthimatique de ki Ckakttr, If y and fi be 

the temperatures of the warmer and colder bars at their pUiM of contact, 
and if r be a coiisUint dependent u|iou the rcsistnncc to pas!tag;e, and differ- 
ent for ditfereut uieiuls, the quantity of heat, which passes in a unit of 
time throngh th« point of contact it 

If the difference of tempemturc y— yi=0, the constant of tlie resistance 
of pnssap:e r must also be equal to 0, ibr otherwise the quantity of heat 
passing through the point of contact would be w=0. 
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Silver-Iron .... 
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Copper-German silver . 
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Copper-Iron .... 


100 
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Copper-Copper . . . 


100 


100 


Brass-Silver .... 


100 
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Aooording to this, a difierence of temperature and a resistance 
of passage are only observed when heat passes from a better to 
a worse conducting metal. No such difference was observed in 
the passage of heat from a worse to a better conductor, nor in 
the passage through the place of contact of two metal rods of 
the same material. 

These contradictionB suggested some defictency in the method 
of observation. ^ 

If the thermo-electric element be applied to equally warm 
points of heated bars of different conductibiHties, the heat of 
the point touched communicates itseif to the element. Without 
regardiuj^ the difieience which results from the difference in the 
flpeeifie heats of both bars, more heat will pass to the part cooled 
by contact with the thermo-electric element in the case of the 
better than of the worse conducting bar. The first, therefore, 
will i^pear comparatively warmer. This error may cause the 
differences at the places of contact noted in the above Table, 
which are the more prominent the greater the diflerence between 
the eonductibitities of the two metals. The warmer the place of 
junction is, the more these differences are seen, on which account 
they scarcely appear in the passage of heat finom a worse to a 
better conducting metsl, where the latter ought, properly, to 
qipear warmer than the former. 

This error can^ however^ exercise no disturbing influence on 
the relative conductibihties of the bars themselves. For on the 
supposition that the conductibilities of the bars do not vary at 
different temperatures, the changes of temperature at the several 
points of the same bar, caused by the application of the thermo- 
electric element, must be proportional to the temperatures 
themselves. 

Hence the relative proportion of the temperatures observed at 
different parts of the bar remains unchanged, and this is alone 
decisive in calculating the relative conductibilities. 

It was necessary, in obtaining reliable results an to the passage 
of heat, to make the loss of heat of the bars on the application 
of the thermo-electric element as small as possible. For this 
purpose the following arrangement of the experiments was made. 

Round bars of different metals, of i'6'2 millims. diameter and 
157 millims. long, were made, and accnrately ground jilanc at 
one end. A bar of iron and a bar of copper of the same dia- 
meter, but 666 millims. long, and a bar of bismuth equally thick 
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but 265 miUiniB. long^ were ground plane at one end. These 
bars were then placed in a wooden frame with their poUahed ends 
firee^ &c., and the arrangement made, that to the plane end of 
eacli of the longer bars the plane end of one of the shorter was 
firmly screwed. At a distance of 2 milllms. from the place of 
contact, and thence at distances of 21*4 millims., holes of 
0*9 millim. wide and 8 millims. deep were bored. Thete holes 
were filled with oiL The end of each aborter bar was sur- 
rounded by a tin case, through which steam was paved for a 
long time. A screen proteeted the reat of the apparatus from 
the rays of heat. The whole apparatus was placed in a tin vessel 
surrounded by water, so that the loss of heat during the experi- 
ment should be as uniform as possible. After the apparatus 
had been constantly heated for two or three hours, and the heat 
in the joined bar.s had become constant, the temperatures were 
determined by sinking the thermo-electric clement m the holes. 
The thermo-electric element was needle-formed, and consisted 
of two wires of iron and irrminn silver, 0"3 millim. thick., placed 
together, but only soldered just :it the end where they dipped in 
the holes. At the other ends copper wu-es were soldered, 
which comnmnieated ^vith the spirals of the ualvai omt ter de- 
scribed in an earlier treatise*. The whole oi the thermo- 
electric element, with the exception ol thu ])oint8 dipping in the 
holes, was fastened in a glass labe with sealing-wax, which was 
cemented in a vessel of water in order to keep the posterior ends 
of the element at a constant temperature. 

The following are some of the results obtained with the appa- 
ratus. Under a- the series of holes is given, beginniiip; w i; h il lat 
nearest the place of junction. The holes correspoiuling lu the 
warmer bars, which are first in the list, are marked with -f , 
and the colder with — . Under i stand the corresponding tem- 
peratures. Each series contains the mean of several successive 
observations. * 
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Poggeudorli AwaUen, vol. kjixiiL. p. 504. 
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If froai these Biunben the temperatiim y and of the hen 
at their points of eontaot be caleokted, we eliell gel^ 





V- 


Vv 




Coppcr-HismutU , 


• 252 


2o2 


1 0 


Zinc-Bismuth . , 


• 226 


226 


0 


Coppcr-lron I. 


• 217-7 


217-5 


0-2 


Copper-Iron 11. . 


. 225-5 


225 


0-5 


Tin-Iron L . • 


. 105 


104-5 


0-5 


Tin-Iron II. . . 


. 108 


107-1 


0-9 


Iron- Iron . ^ • 


. 105*5 


1051 


0-4 


Iruu-Copper . • 


. 79-2 


79-2 


0 



The difference of tempefature of two ban in contact is hence 
very small. It is not greater in the case of two bars of different 
metals^ whether the beat pass from the better to the worse eon? 
dactor or the reverse^ than in the case of two bars of the same 
metal. 

Hence a resistance to the passage of heat throngb the place 
of contact of two bars cannot be pro?ed within the limits of 
these observations'^. 

If the two bars are not perfectly in contact^ a decrsaseof tern* 
perature at their place of contact is observed. The same happens 
when the ban are separated by a thin layer of some bad con- 
ductor. 

Eiperiments made in this manner gave the following series of 
observatioiis 
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♦ lor an accurate caU ulution of the relative couiiuctibiiities of different 
netalt the numbers in qucstioii are not fitted* liiifie the qnotient q of the 
snins of the temperatures of two points divided by the temperature of the 
middle ]»oint differs too Tittle from 2. Henoe ft imaU error of obflerrstioii 
changes materuiUy the calculated result. 



Digitized by Google 



40O On Ihe Principle of Isorrhopie Ash m SUitiet, 

liy calculating the ti in pc ratines // and of the warmer and 
colder bars corresponding to the places of contact, we have— > 

Ziue-Iron (not well fitted on-l ,5^.5 'j.J 

each other) . . . • j 

Iron-Copper do. 68*4 66-1 2*3 

Copper-Iron (separatedby paper) 238*5 . 192*5 46 

Zinc-Bismuth do. 219 211 8 

These differences do not necessitate the existence of a resist- 
ance of passage. When the oonductibility of the united bars at 
their place of junction is lessened by imperfect contact^ or by the 
insertion of a piece of paper, a considerable decrease of tempe- 
rature takes place at those points^ by which a difference between 
the temperatures of the two bars at the place of contact could be 
easily explained. 

LIV. On the Prin/nple of Isorrhopic Axes in i^tatics. 
By W. J. Macquobn Kankine, 6'jB., F.KSSJj. ^' E.* 

THEOREM. ' Every equilibrated syUem of farces applied to 
a eomieefed system of poinis, is capable of retohiiom into 
three rectangular independently eqmkbnUed tyeteme of pomUol 
foreee oppM to the emnepoinie* 

Bemonstbation. Assome any set of rectangular axes^ to 
which reduce the forces and the positions of their points of ap- 
pbcation ; and let Z be the compcments of the force appUed 
to any point {s, jr). 
Let 

2.Xx=A; 2.Yy=:B; S.Zr^C; 
S.Y^»S.Zy==L; X.Z««rX.Xjr=M ; 2 .Xy=:2.Yar=N. 
C6neeiTe the surface of the second order whose equation is 

Aar' + By* -f- Cr' + 2Lyz + 2Mrar + 2Nj:y = constant. 

Then if the forces and the positions of their points of application 
be reduced anew to the principal axes of that surface, we shall 
have 

L=0, MsiO, N:=0; 

and consequently each of the three systems of component forces 
parallel to those three principal axes will be in equiSMo, inde- 
pendently of the other two systems. Q. E» JO. 
Th» above theorem^ so for as I am aware, ia new. 

QlMfow,Oct.26, 1865. 

♦ Commanicstsd by the Aajhet. 
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JjV, On the Composition and Photphorescence of Plate-sulphate 
of Potash, By Dr. Frkderick Penny, Profmorof Cheimtry^ 
Andersonian University, Glasgow*. 

THE subject of the present notice is u technical product from 
kelp. It is called " Plate-sulphate of Potash," and is so 
named from the circumstance of its being crystallized in thick 
plates or slabs, consisting of the aggregrated layers of successive 
ctOM of crystals. 

It may be regarded as one of the chemkal products peculiar 
to Glasgow, being manufactured only at one or two other places^ 
and even there to a limited extent. 

There are several points in the chemical l^i<tory of this salt 
possessing a high degree of scientific interest. The most im- 
portant are, the pecu&rity of the process by which it is obtained 
in thick slgibs or plates, the brilliant phosphorescence of its c^- 
stala at the time of their formation, and its remarkable compo- 
sition. To these at least I shall limit my remarks in the present 
notice. 

I. Formation of the Plate-suiphate* 

In working kelp upon the large scale, several saline producta 
are obtained, and among these there are two salts, containing 
anlphate of potash as the predominating ingredient. One is 

powdery or granular, and is distinguished as soft or gramUaied 
anlphate of potash, and the other is the p/o/e-sulphate. 

Soft sulphate is obtained by simply evaporatingor concentrating 
the kelp4eys, when it falls as a heavy granular precipitate. It is 
a very impure substance, being largely intermixed with sulphate 
of soda, common salt, carbonate of soda, snlphocyanide of potas- 
sium, iodide of sodium, and with insoluble matter and water* 
The amount of sulphate of potash existing in soft sulphate is 
very variable. That from cut-weed kelp seldom contains more 
than 32 per cent. Good drift-weed kelp yields a sulphate not 
usually under it per eent., and uceasionally as high as 65 per 
cent. It is used in making plate-sulphate, and for agricultural 
manures, partieularly when of low stn ^icrtb. 

Plate-sulphate i'^ mndc in two \v:iys : nthi r from the impure 
soft sulphate, or directly irom the iiqiioi s th;it result by steeping 
kelp in hot water. The process is called " plating,'' and the 
mode of workintr is peculiar. In the ordinary process of rn"«tal- 
lizing salts by solution in water, each crop of crystals, when fully 
formed, is removed iioni the crystallizing vat or vessel after the 
mother-liquor has l)een run off; a second or third crop being 
obtained by evaporating the mother-liquor, or by dissolving in 

* Conumiiiicsted by the Author. 
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it, when heated, a further quantity of the aalt. In phiting sml* 
phate of potaah, a different mode of proceeding ia aaopted. Ihe 
soft Bulphate is diuoked either in weak ley from Kclp, or in 
boiling water^ until the Honor ia about 44P of Twaddell. Thia ia 
evaporated to 48^ or 5Cr, and mn into cookra to eryatalliie. 
When the eryatala have folly formed and die motfier-liquor has 
OOmpletely cooled, the latter is siphoned off, and being saturated 
with soft sulphate aa before, it ia again transferred to the ooolera,. 
and a second erop of eryatala depoaited on the first. These ope* 
ntiona are repeated several times, and in this way from four to 
six, or even seven, successive and cohering crops are obtained in 
the form of a hard thick cake. The number of crops deposited 
depends on the success of the process, the richness of the soft 
sulphate, niul tlie thickness of cake required. 

In platiiifz; directly from k(*]p, the leys, or liquors obtained 
from steepinir the kelp in water, are boiled down till the specitic 
gravity ot the iiquor iiuiieatcs that sulphate oi potash is beginning 
fo fall. The tires arc then drawn, and after a brief reposure, to 
allow the tloating nnpurities to subside, the lit|iKu- is run into 
the cooler and crystallized. In a few days a crop oi plate-sul- 
phate is found adhering to the sides. The mother-liquor is 
siphoned off, and a fresh quantity of concentrated kelp -ley being 
run into the cooler, a second crop of crystals is deposited on the 
surface of the first. A succession of crops is thus accumulated 
until the plate or cake is considered of sufficient thickness. 

From this brief description of the process of plating, it is 
manifest that the salt, whether made from kelp-leys or soft sul- 
phate, must be more or less charged with impuritiea. The ap- 
peaaranee of the cakes, indeed, shows that it is far from being a 
chemically pure substance; and on examining it, the presence of 
minute quantitiea of carbonate of soda, common salt, and inso- 
luble matter, may t)e readily detected. The large and well- 
defined erystala studded over the surface of the cakes ai-c, how- 
ever, nearly pure ; and when carefully selected, contain yery 
little foreign matter. 

II. Us Phosphorescence. 

The brilliant and sparkling light emitted from this salt at the 
time of crj'stallizing has been frequently observed. It may be 
witnessed by simply lookiiip: into a vnt of liquor in process of 
coolincr nnd ciy'^tulli/ ii'j , and particularly when thr tmperaturc 
of the liquor is about lOU'' h\ It is not a continuous luniiiiosity 
or phosphorescence of the crystalline mass, but an emis^mn of 
vivid sparks or scintillations as the crystals separate ironi the 
liquor, analogous to the phosphorescence of arsenious acid m the 
act of crystalliziug Irom the hydrochiurio acid. 
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The liiinmosity of salts in the act of crystal li/inp', and espe- 
cially of sulphate of potash, both pure aud mixed with various 
salts of soda, has been made the subject of repeated experimental 
investi;;j;ation by several chemists. The extended and interesting 
researches by ilose* must be generally known. In Gmelin'a 
* Chemistry' we have a condensed but faithful account of the 
results observed by different experimenters. The subject is still 
involved in considerable obscurity. 

I regret that I am as yet unable to give a satisfactory expla- 
nation of the ^hsnomena in regard to the salt now under con- 
sideration, having rdnctantly beien obliged, by an enforced re- 
laxation from aU audi work^ to discontinne for a time the ezpe-» 
riments undertaken to elucidate the sninect. I may mentioUj 
however, the principal phenomena that have been oWrved in 
the trials already made. 

lat. The phosphorescence is not visible so long as the tempe- 
rature of the crystallizine liquor is much above 100^ P. ; but as 
the temperature falls bdow this, the scintillations become vivid 
and fretmoit. 

2nd. When a rod of glass, of wood, or of metidj is drawn 
across the surface of the crystalline mass below the liquor^ a line 
of brilliant light is produced in the track of the rod. 

8rd. On breaking the layer of crystals that frequently forma 
on the surface of the liquor, vivid sparks are emitted as the de- 
tached portions sink to tne bottom of the vessel. 

4th. On plunging a mass of the crystals into hot liquor and 
immediately withdrawing it, a few scintillations are visible; but 
if the crystals are kept in the hot liquor for a few minutes, and 
then plunged into nearly cold liquor, the flashes are very bril- 
liant, and diffused over the entire surface of the mass, 

5tJi. The most beautiful effect, however, is produced when a 
quantity of moderately warm liquor is dashed upon a crop of 
crystals in a vat, from which the mother-hquor has .some, hours 
previously been drawn off. The ciystals become instantaneously 
uluikiinated with myriads of beautiful and vivid coruscations. A 
second quantity of the same heated liquor thrown upon the mass 
gives a much less brilliant effect, and a third quantity scarcely 
any flashes. But if a bucket of perfectly cold liquor is dashed 
upon the cr^'stals immediatel;^ after the hot liquor has ceased to 

Sve seintillatioosy the result is even more splendid and striking 
Au in the last experiment. 

When the heated liquor is dashed upon crystals of chloride of 

Sotassium^ or upon wood> or iron^ or ice,- no visible eiiect is pro- 
uced. 

6th* In recrystallizing the salt, no phosphorescence is visible. 
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The results of thesefcwexperimcnts, though affording very Httle 
insight into the cause of the pha^nomena, plaiTily indicate that the 
emission of light takes place within a hniiLeii range of tcni[)( ni- 
ture, and that actual contact of the crystals with the cr^'sudlizmg 
liquor is essential. Agitation of the hquor with a rod produces 
no e£Fect. 

III. Cbfiipoit^iOfi. 

I have already stated that ihe composition of this salt is 
rem arl< able. It has hitherto been viewed and described ns a 
peculuir form or variety of neutral sulphate of potash, and 
such it is regarded both by chemists and mauutacturers. The 
results of my analyses do not contirm this view of its composition. 
They show unequivocally, tliat, iustead of being a iiu rr cry- 
stalline modification of tbe neutral sulphate, it is a double salt, 
consisting of sulphate of j)ota8h and sulphate of soda, T have 
analysed bold and well-defined cr^^stals, carefully selected from 
numerous specimens obtained from different makers, and 1 find 
that they are perfectly uuilorm in composition. I have also 
analysed crystals of the same salt^ procured by recrystaUmttious 
of the commercial f^alt. 

In these analyses it never crave more than -12'5 per cent, of 
potash ; and pai'tics acquamted with this arUele commercially, 
know that in the bulk it never contains more than from 73 to 
78 per cent, of sulpliale of potash, — equal to about 41*5 per 
cent, of potash, whereas jsulphate of potash contains 5 ipcr cent. 

It is not, I conceive, cither desirable or necessary to give the 
details of the methods of analysis, or particulars of the several 
results. It will be sufficient to state, that the sulphuric acid 
was tltlermined, as usual, in the state of sulphate of Ijarvta, the 
potash by means of bichloride of platiiium, aiid the soda indirectly 
by deduction. TLi only {)recaution requiring notice is, that the 
precipitated sulphate of bai yta must be well washed after lymtion, 
to remove the potabh which is carried down with the drst pre- 
cipitate. 

The mean of twelve analyses, the results of which accord very 
closely, gave the following proportion of potaah, sulphuric acid 
and soda^ in 100 parts 

Experiment. Theory. 
Potash . . • . 42-22 42-47 
Sulphuric acid . • 48-24 48-19 
Soda 9-54 9-34 

100:00 100*00 
A carefully selected specimen gave 42*46 per ceat. of potash^ 
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These propoitknM comapoiid to the farmuk SKO SV, NaO 
SO^t as flticiwn id the thivd eoltunn of the above statement. 

The pretence of ioda in the salt was easily established by 
decomposing a known Quantity with nitrate of oaryta, and cry- 
ataUising the solution filtered nom the precipitate. Crystals of 
nitrate of soda mixed with tJioae of nitre were abundantly depo- 
sited. In another experiment, a known quantity of the salt dis- 
solved in water was decomposed by chloride of barium, and the 
solution, separated from the precipitate by filtering, waa evapo- 
rated to dryness ; and the mixed chlorides, after traaiment with 
bichloride of platinum, were tested with the delicate and beautiful 
process for the detection of soda proposed by Dr. Andrews at 
the Meeting of the British Association in Belust'*'. 

It will be at once remarked, that the composition of this salt 
does not correspond to that of any other double salt of potash. 
The atomic proportions of its ingredients are at variance with 
our ordinary notions of the constitution of these compounds. I 
hope, however, to be able to explain the anomaly by the exami- 
nation of other compounds of sulphate of potash, and of chro* 
mate of potasli, which I have in process of preparation. 

In Gmelin's ' Chemistry it is incidentally mentioned that 1 
part by weight of dry carbonate of soda, and 2 parts of bichro- 
mate of potash, give crystals having the same form as sulphate 
of potash, and containing SKO CrO^, NaO CrO^, which cor- 
responds exactly with plate-sulphate of potash. It is also stated 
that crystals containing about 2K0 SO^, NaO SO^, may be 
prepared by fusing equal atomic proportions of the two sul- 
phates, and crystalHzing the mixture from water. Rose made 
several analyses of tlie salt, obtained by crystallizing together 
the sulphates of potash and .'^oda; but the discrepancies in the 
results led Inm lo doubt the definite composition of the crystals. 

Dr. Gladstone J Iilis inadr n scries of cxpenmrnts with a view 
to produce a dctiintt^ thjuble sulphate of potasli and soda. He 
crystallized various uuxturps of the two sulphates, and obtamed 
a salt to which he ascribed the formula 5K0 SO^, NaO SO^. 
Such a compound would contain 46*44 per cent, of potash, and 
47*43 of sulphuric acid. 

In several of its j)hysical characters, tlie plate«salt differs essen- 
tially from neu' ral sulphate of poiash. It is, for exninplc, more 
readily fusible, and it may be melted without much difficulty in 
a platina crucible with the ordinary gas-blowpipe ; whereas sul- 
phate of potash is only slightly softened at the edges, even when 
the blast from tiic bellows is urged to the I'ullest extent; it 
requires the full bright red heat of a furnace for perfect fusion. 

♦ Chemical Gn/ctte, vol. x. f Vol. L p. lOB* 

X Quaiterly Journal, vol. vt« 
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The density <^ the double sulphate ia al^ greater than that of 
sulphate of potash. The speclfie gravity of its cryatab^ finely 
pulverized, taken in oil of turpentine at 59° P., was found to be 
2*6682. After being fused, its specific gravity was 2*6708. 
Hieapecific gravity of sulphate of potash, taken in tlir ^^ame 
way and at the aame time, was in the cr^'stallized state 2*6438; 
and in the vitreous or fused state, 2*6567. Dr. Lyon Flayfidr 
gives 2*644 as the specific gravity of sulphate of potash. 

There is also a marked difference in the solubility of this salt 
in cold and boilins; water, as compared with that of sulphate of 
potash. 100 parts of a saturated solution of KG S( F, at 2 17^ 
contain 22*5 parts of salt, or lUO jjarts of nater at that tempera- 
ture dissolve 29 jKirts; 100 parts of the solution of plate-salt at 
217^*5 contam 26 9 parts^ or 100 water will dissolve nearly 40*8 
parts. 

It is, I think, morp than probable that certain specimens 
which liave been ligured as sulphate of potash, were crystals of 
this double salt. 1 harc cr^^stallized sulphate of potash under 
various circumstances, l)iit l^ave never obtained crystals in the 
forms figured by Phillips*, Urookef, and others, unless a ^alt of 
soda has been present in the solution, causing, as I believe, the 
formation of the double salt. Both upon the large and .suiiUl 
scale, sulphate of potash was deposited either in rhomboidal 
prisms or in hexahedral prisms^ with bipyramidal summits, or in 
bipyramidal dodecahedrons. 

In coneluaiGiu, I may mention that I have examined the amv 
oesaife erops of crystals obtained by reerystalUiing the pkle-aal- 
phate. Several pounda of the salt were dissolved in water^ and 
treated aa uaual^ the crystaUiamg operations being continued to 
the 11th crop. The results were as follows : — 

Iff CWy», Sulphate of potash with a little plate^^alt. 

dntf Onp, Plate*sa]t, with short prisms of sulphate of soda. 

9rd Crop. Chiefly sidphate of aoda; crrstala lai^ and bold* 

Ath Crop, Layer of plate-salt with sulphate of soda above. 

hth, 6th and 7th Cropt. Sulphate of soda. 

%th, 9ih and lOM Crops, Almost wholly pbte-aalt 

lith Crop. Sulphate of soda. 

It is therefore quite manifest, that, with care, this salt can be 
pfoduoed at pleasure by recrystallization from the commercial 
salt, or by crystallising a mixture of sulphate ci potash and sul- 
phate of aoda in eqfual atomic proportions. 

• Ami. FhiL 1822. f Ibid. 1824. 
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LVl. On the TIteury of Diamagnetiam, Letter from Professor 

Webek to Trof. Tyndall. 

My dear Sir, Gottii^gpit 8«pt 26, 1866. 

ACCEPT my best thanks for your kind communication of the 
3rd of ^^tember ; I am gratified to learn that the apparatus 
c:cectitcd by M. Leyser in Leipzig for thr (lemoiistration of dia- 
magnetic polarity has so complrtcly tultilhul your cxijcctations. 
This intelligence is all the more agreeable to me, inasmuch as 
1)1 f(»re the a])pai'atus was sent away, it was not m my power tO 
go to Leipzig and test the instrument myself. 

It gave me great ])leasure to Icnrti that Mr. Faraday and M. 
De la Rive have had an uppurtuiiity ot witnessing the experi- 
ments, and of cuuvmcing themselves as to the facts of the case. 

It was also of peculiar luterest to me to learn that you bad 
succeeded in establishing the polarity of the self-same heavy glass 
with which Faraday first discovered diamagnetism. This is the 
best proof that these experiments do not depend upon the con- 
ductive power of bimiitii finr deelncity* ' 

I have read with great interest your memoir ^'On the Biai* 
magnetic Force/' &c contained in the Philosophical Iteisao* 
tion% vol. cxlv. It has been your care to separate the faici of 
diamagnetic polarity firom the theory, and to place the former 
bcnrond the region of donbt* Allow me^ with reference to this 
aabject; to direct your attention to a passage at page 89 of your 
memoir, which yon adduce as a condusion ficom my theoiyi ihe 
passage runs as follows : — 

" The magnetism of two iron particles in the line of magnet* 
iiation is increased b^ their reciprocal actim j but, on the con- 
trary, the diamagnetism of two bismuth particles lying in this 
direction is diminished by their reciprocal action.'' 

This pro]iosition is by no means a necessary assumption of 
li>v thpoi N , Ijiil is rather a direct consequence nf di:iniria:nctic 
polarity, if the facts he suc-h as botli yow and 1 alHi ni tlicui to 
De. What, therefore, you have addiucd airainst the above con- 
clusion must be regarded as an arguiin nt against diamagnetic 
polarity itself. The diamagnetic reciprocal action of the bismuth 
particles in the line of magiK ti/iinoii is necessarily opposed to 
the action of ike exdting muynciw Jorce, The latter must be 
enfeebled, because the diamairnetic is opposed to the maynetic 
reciprocal action of iron pailiciea which lie m the line ui mag- 
netization, through which latter it is known the action of the 
exciting magnetic force is increased. Hence also the modifca- 
ikm produced in Insmuth by magnetic eieitemen^ whatever it 
may be, must be weakened^ because the force of emitatioii is. 
diminished. 
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(I belim^ however, that this argument agatnat chami^etie 
pohrity may also be surmounted. The phsenomenon which 
yoa have observed must be referred to other circumstances, also 
connected with the compression of the bismuth. For the dia- 
magnetie reciprocal action is, as I have shown, much too weak 
to produce an effect which eonld be compared in point of mag« 
nitude with the reciprocal action produced in the case of iron.) 

I take this opportunity of adding a few remarks for the pur* 
pose of setting my theory of diamagnetic polari^ in a more 
correct light. 

My theory assumes that the fact of diamagnetic pohurity 
is granted ; 2, that in regard to magnetic phamomena, Poisson's 
theory of two magnetic fluids, and Amp^'s theory of molecular 
currents, are equuly admissible. Whoever demes the first fact. 
Or rejects the theocy of Ampere, cannot^ I am ready to confcsi^ 
accept my theoiy. 

But supposing that you do not reject Ampere's theoiy of per* 
manent molecular currenta^ but are disposed to enter iipon the 
inner connexion and true significance of the theory, you will 
easily recognize that it is by no means an earbitrary assunqtiiom 
of mine, that in bismuth molecular currents are excited, when 
the exciting magnetic force is augmented or diminished; but 
that the excitation of such molecular currents is a necesstrry con- 
clusion from (he theory of Ampere, which conclusion Ampere 
himself could not make, because the laws of voltaic induction, 
discovered by Faraday, were unkiicnvn to hnn. In all cases 
wbcrn molecular currents exist, by iiicn asc or dinnnution of the 
magnetic rxritinr: forrc rnoleculnr currcnfs )/inst be e.xcilefl, which 
eithc r add \\\v\v action to, or subtract it irom, the action oi those 
alrcadv jin-scnt. 

Finally, permit rtic to make a lew remarks on the following 
words of your memoir : — 

"To cany out the assuniptio?! licrt^ made, M. Weber is obliged 
to suppose that the molecules of diamagnetic bodies arc sur* 
rounded by channels^ in which the induced currents^ ouccexcited, 
continue to flow without resistance/' 

The assumption of channels which sufround the molecules, 
and in which the electric fluids move without resistance, is an 
assumption contained in the tluoi y ol Anip< rc, and is by no 
means added by me for the purpose ai explaining diamagnetic 
polarity. A permanent molecular current without such a chanuei 
involves a manifest contradiction, according to the law of Ohm. 

I may further oljiierve, that 1 do not wojider that you regard 
a theory which is built upon t he assumption of such channels, as 
"so extremely artificial that you imagine the general conviction 
oi ita truth cannot be very strong.^' In a certain sense 1 quite 
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agret with youj but I only with to tonvinot you that tliia ob|e»« 
ikm applies raally to the theory of Anp^ and only appliea to 
nine in ao ihir aa it ia boilt upon the fonaer* (You may per* 
hapa find Ina ground for objecting to the apcoiality of aueh an 
■aauttiptionj if you aeparate the aimple fbndionental eoneeption^ 
whiidi leeomnienda itaelf partlenlarly by a certain analogy pf the 
molecules to the heavenly bodies in ipacei from those additidni 
which Ampte was forced to make« in order to apply the nathe^ 
matical methods at his command, and to make the subjaet ons 
of strict calculation. He was necessitated to reduce the case to 
that of linear currents, which necessarily demand channel-shaped 
bounds, if every possibility of a lateral outspreading ia to be 
nvoided.) 

To plaae my theory of diamagnetic polarity in a truer lighti I 
am anxiouB also to convince you that this theory is by no means 
baaed upon new assumptions (hypotheses) i but that it only rests 
upon such conclusions aa may be drawn from the theory of 
Ampere^ when the laws of voltaic induction discovered by Faraday, 
and the laws of electric currents by Ohm, are suitably connected 
with it. I affirm, that, even if Faradny had not discovered dia- 
magnetisni, by the combination of Ampere's theory with Fara- 
day's laws of voltaic indtietion, and Ohui's laws of the eh c trie 

cnrrent, as shown iii my memoir^ the said discovery might 

possibly liavc Ijcen made. 

In rcspict, however, to the artificiality of the theory of Ampere, 
T liopc that miithciiiatual methods may in- tound whereby the 
limitation before mentioned to the case ot Iniear currents may be 
set aside, and with it the objection against channel-form beds. 
All our molecular theories an still very aititieiaL I for my 
part find less to object to in this re spect in the theorj^of Ampere 
than in other artihcialities oui molecular theories; and for 
this reason, that in Amiii iu's rase the nature of the artificiality 
is placed clearly in vieW| and hence also a way opened towards 
ii& rciiiuval. 

Ty Mr. Faraday I beg of you to present my sincerest respect. 
Beheve me^ dear Sir, 

Must bmcercly \ uurs^ 

Professor Ti/ndalL 



The forcing letter |possesses more than a private interest^ 
and I have therefore laid it before the readers of the ^ilo* 
aopbieal Magazine. On one point in it only would I ask per- 
mission to make a lemark, and that is the proposition, that 
the diminution of the excitement of a row of bismnth particles 

Pm. Mag. S. 4. Vol. 10. No. 68. Dec. 1855. % E 
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in the line of rnagaetiiation by their reciprocal action is "a direct 
eomequence of dtamoffiteiic polarity" M. Weber (I believe) 
foaads this propoiition on the following considerations : — ^Lei a 
aeries of bismuth particles lie in the axial line between the mag* 
netic poles N and S : the 'polaht? excited in these jNurticles if 
the direct action of the poles will be that shown in the figoie» 

being the reverse of that of 

iron particles onder the same 
circumstances. But as the end H 
n of the right'hand particle 
tends to excite a magnetism 
like its own in the end of the left-hand particle, and vice versa, 
this action is opposed to that of the nia«;net, and lu ncr tlie mas;- 
nrtisin of such a row of particles is enfeebled by their reciprocal 
action. 

Now it appears to me that th<'re is niore assumed in this in- 
genious argument than experiment at present r;\u bear out. 
There are no experimental grounds for the a^smnix mn, that what 
wc call the nortli pole of a bismnth particle exerts upon a s^Tond 
bismuth pnrtiele precisely the same action that the north pule of 
an iron j)article would exert. Magnetized nun repels bismuth; 
but whatever the facf may be, the conclusion h scarcely waiTanted, 
that therefore magnetized bismuth will repel bismuth. Supposing 
it were asserted that magnetized iron attracts ii*on and repels 
bismuth; while magnetized bismuth attracts bismuth and repels 
iron, would there be aiiytliing essentially impossible, self-contra- 
dictory, or absurd invoived in the assertion? I think not. And 
yet if even the possible correctness of such an assertion be granted, 
tlie proposition above referred to becomes untenable. It will 
be obseived that it is against a conclusion rather than a fact that 
I contend. \\\\\\ regard to the fact, I should he sorry to uxprcss 
a positive opinion ; for this is a subject on which 1 am at present 
seeking instruction, which may lead me either to M. Weber's 
view or the opposite. Be that as it may, the result cannot ma- 
terially affect the respect I entertain for every opinion emana- 
ting fi*om TDif distinguished correspondent on this and all other 
scientific subjects. 

J.T. 
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LVII. On the Hfjputhesis of Mulecuhir Vortices, or (Jt'titri- 
fugal Theory oj Elasticity^ and its Conner inn with the Theory 
of Heat. By William John Macquoen Kan&ine^ C»E»f 
F.R.SS,L, ^ E., F.H.S.S.A. ^c. 

[Gondttdea ftom p. 363.] 

SscTiON Second. — Reiatwrn between Heat and Expansive 

Power, 

(9.) J^ARIATIONS of Sensibie and Latent Heat : Fundamental 
Equation of the Theory, — If the forms, positions, and 
magnitudea of the paths described by the rcvolmg particles of the 
atomic atmoepheres be changed, whether by a variation of mean 

density, or b^ a variation of temperature, an increase or diminu- 
tion of the ms viva of their motion, that is to say, of the heat of 
the body, will take place in virtue of that change of the paths of 
motion ; an increase when they are contracted^ and a diminution 
when they are dilated . 

Let B . Q represent, when positive, the indefinitely small quan- 
tity of heat which must be communicated to unity of weight of 
n substance, and when negative, that which must be abstracted 
lioiri it, in order to produce the indefinitely small variation of 
temperature 8t simultaneously with the indefiTiitely small varia* 
tiou of volume BV. Let ^ . Q be divided mto two parts^ 

of which 3Q, being directly employed in varying the velocity of 
the particles, is the varbtion of the aehtal or seiuible heat pos- 
sesaed by the body; while being employed in varying theit 
oMs, represents the amonnt of the mutnal transformation of 
heat with expansive power and molecohir action, or the variation 
of what is eaUed the laieni heat; that is to say, of a molecolar 
condition constituting a source of power, out of which heat may 
be developed. 

The variation of sensible heat has evidently this value, 

aQ=haT (22) 

Let &r, By, Bm be the displacements of the orbit of the par« 
tides of atomic atmosphere at the point (x, z). A molecule 
pdxdiydg is acted upon by the acoelerative forces (see equation 3A)| 




parallel to the three axes respectively. 

The sum of the actions of those forces on the molecule pdx dy dss 
during the change of temperature and volume, is 

2E2 
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= — 2QB<f>pda^ dy dz, 

Tlic sum of such actions upon all the particles in iitiity of 
weight is equal in auioiuit, and opposite in sign, to the variation 
of luteal heat ; that is to say, 

^-^^fff./^^'y"- ••••(») 

To determine the value of the miation ki it be dirided 
into two parts, thus : — 

where A^=^— 

First, With respect to it is obviooSf that because^ accord- 
ing to equations (6, 7), 

we must ha?e 

. 8V =5 kVBipy and = 
fienee the first part of the integral (23) is 

To determine tbe second part of the integral, we liaTe the 
condition, that the quantity of atomip atmoi|mere enclosed 
mthin each sur&ce at which has some given value is inva- 
xiahle ; that is to say, 

Hence 

The value of the second part of the integral {23) is now found 
to he 
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In the doable integral, let X= logeV be put for G for 

and H for the atogfe integnUy as in eqnatkm (9). Th^ the 
double integral beoomea 



1 



1 

= — g--jj'^ by equauon (10) 



"""G, dr ' 

Also because />,MVs5s^-' by equatiou (9j, 
the flecond part of the int^ffral (23) is foond to be 

Hence, addinL: tnLctlu r (23 A) and (23 B), we finUlbr the 
total variation of latent heat. 

To express this in terms of qua':titir«; which may be knOWQ 
directly by experiment, we have by equations (10) and (9), 

thai ia to lay^ 

dhg^_ Gi M T 

and theiefoie 

log. Hi = JJiyJ*^ ^ ^ofi^f V +/(t) + constant. 

/(t) ia easily found to be s= — log.r for a ju rfoct gas, and being 
independent of the density, is tlie same for all substances in all 
conditions ; hence we Hnd (thu intc^rala being ao taken that for 
a perfect gas thev shall =0), 

OT J \j^k4fT icy / T 

—jp — s;5^v+^ 

* Thia coefBcient corresponds to — ^ iu the notation uf my previous 
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and therefore 

6Q'=(x-*){8r.(i^+/g.v)+.V.^} . (25) 

is thp variation of latent heat, expressed in terms of the pressure, 
volume, and temperature ; to which, if the variation of s( nsible 
heat, 8Q = ii^T, be added, the complete variation ut hcat, + 
^Q' = ^ . Q, iu uuity (^f weight of the substance, corresponding 
to the \ ai iations 6V and of volume and lempcrature, will be 
ascertained. 

The only specific coefficient in the above formula has the foU 
lowing value : — 

^=N»*. (26A) 

It is ob\ious that equation (25), with lU consequences, is 
applicable to any mixture of atoms of different 8ubstance2^ in 

.9»i^of prMnuettuI tempemtaie; fet m thrt cmc t, 

and are the same for each substance. We have oulv toaub- 
atitnte for ^ tbe following expreBaon,^ 

n. ^ + nj!^ + &c. =^ . 2(iiNfe), . . (25 B) 

where n,, n^, &c. are the proportioiui of the difierent ingredients 
in nnity of weight of the miztoiey 00 that iii+n,+ &e. =1» 

Ejioation (25) agrees eiaetly with eqaation (6) in the first 
seetion of my original paper on the Tbeoiy of thie Mfiehiiniol 
Action of Heat. It is the fundamental equation of that theory, 
and I shall now proceed to dednoe the more impoiiant oonae* 
qnences fram tt« 

(10.) Equhaimce of Heat and E xp m uh e Pmcer. Joule's 
JLsw. — Ytmn. the wiation of the best commanicated to the body, 
let QS subtract th^ wiation of the expsnsiTe power given out by 
it, or 

The result is the vai Kitiou of the total power exerciscfl upon, or 
communicated tu, unity of weight of the substance. suppr.<ing: 
that there is no chemical, electrical, magnetic, or other action 
except heat and pressure] and its value is 

+«V.{(T-it)*-i,-yiJ)} (26) 

Tliw eqncawn M obvioaify «M «Mef i^fmmM, ni its ia^ 
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tegral i& the following luucUou of the volume and temperature • 




Accordingly, the total amount of power which must be ex- 
ercised upon unity of weight of a .substance, to make it pass 
from the absolute temperature Tq aud volume Vq to the absolute 
temperature T| and volume Yj, is 

This quantity oonfliflts partly of ezpansiTe or compressive 
power, and partly of heat, in proportions depending on the mode 
in which the intermediate changes of temneratnre and volume 
take place \ hut the total amount is independent of these changes. 

Hence, if a body be made to pass through a variety of changes 
of temperature and volume, and at length be brought back to its 
primiiive volume and temperafuref the algebraical sum of the por^ 
tiojis cf power applied to mid etiolved from the body, whether in the 
form of expansion and compression, or in that of heat, is equal to 
zero. 

This is one form of the law proved experimentally by Mr. 
Joule, of the equivalence of heat and mechanical power, in my 
original paper on the Mechanical Action of Heat, I ust d this 
law as an axiuiii, to assist in the investigation of the Ecpiation of 
Latent Heat. I have now deduced it iVom the hypothesis on 
which my researches arc based ; uot in order to prove the law, 
but to verify the correctness of the mode of investigation which 
I have followed. 

Equations (26) and (27), like equation (23), are made appli- 
cable to unity of weight of a mixture, by putting Sidt for h, and 

The train of reasoning in this article, is the converse of that 
followed by Professor William Thomson of Glasgow, in article 20 
of his paper on the Dynamical Theory of Heat, where he proves 
from Joule's law, that the quantity corresponding to ^ is an 

exact diflferential. 

(11.) Mutual Conversion of Heat and Expansive Power. Car- 
not's Law of the Return of Expansive Machines.^K a body be 
made to pass from the volume Yq and absolute temperature Tq 
to the volume V, and absolute temperature Tj, and be then 
brought back to the original volume and temperature, the total 
power exerted (^) will have, in those two operations, equal arith- 
metical values, of opposite signs. Each of the quantities 
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consists partly of heat and partly of expansive power, the prci» 
portion (Irnciiding on the iiiodr of ititfrmcdiatc varintinn of t}ie 
volume and temperature, which is arbitrary. If the mode of 
variation be different in the two operations, the effect of the 
doublt operation will be to transform a portion oi heat into ex- 
pansive ])o\ver, or vice versd. 

Let (a) denote the first operation, {i) the retmse of the second. 
Then 

The terms of ^ wliicli involve tunctions of t only, or of V 
onlv, are not affected by the mode of intermediate variation of 
thusc qu;uitities. The term on which the mutual conversion of 
heat and expansive power depends is thercfore 

f{{r-K)^ _p].rfV(4)=/{(r-«)|-P;rfVH 

or 



Hence 

J^d\(a)-/^dX{b)^JJ,dV{a)-fpdm; 

which last qmntity is the amount of the heat irmgfirmed into 
expansive power, or the total latent heat of ezpansion in the 
double operation* 
Let 

Then, becMue 

wc have 

m which r. and n are the pair of absolute temperatnm^ in the 
two operations respectively^ corresponding to emtal wkee ofV*. 
- This equation givea a relation batween the heat transformed 
into expansive power by a pven pair of operations on a bodT, 
the latent heat of expansion in the first operation^ and the mode 

* F it what lias tince been called a " Heat-potential/' and with the ad- 

ditiaa of the + * ** Thermo-dyawpic iuacUoa." 
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of variation of temperature in the two operation!. It ahows that 
the proportion of the original littfkit heat of expansion finally 
tranaformed into expanaive power> is a function of the tempera- 
tures alone^ and is therefore independent of the nature of the 
body employed. 

E(jiiation (28) inelndes Camot'a law as a particular case* Let 
the hmits of variation of temperatnie and vmnme be made inde- 
finitely small. Then 

J dr dQ! 

and dividing by driV, • 

dr^T^K^dV 

This differential equation is ulsu an immediate couiequeuoe of 

equation (25). 

If ^ be put for :^r~> becomes identical 

Willi the equation by which Professor ^^ illiani Thomson t \jjrcsses 
Caruot's law, as deduced by him ami hy M. Chuisiiis from the 
principle, that it is impossible to traiisjti heat from a coider io a 
hotter body J without expenditure of mechanical power . 

The iuvestigatiou wiiich I have now pjivcn is identical in prin- 
ciple with that in the fifth section of my paper on the .Meclianieal 
Action of Heat, out the result is expressed in a mure cumpre- 
iitusivc form. 

Equation (28), like (25), (26) and (27), is applicable to a 
mixture composed of any number of different substances; in any 
proportions, provided the temperature, the pressure^ and the 

Aeients ^ are the same throughout the mass. 

(12.) Apparent Specific Heat. — The general value of apparent 
specific heat of unity of weight is 

agreeing with eqnation (13) of my previous paper* 

The value in eaeh particular ease depends on the mode of 
variation of volume with temperature. Specific heat at constant 
volume is 

K».*+(,-..)(j^H/g</v). . . (80) 
When the pressure is constant, we must have 
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and^ consequently^ 

dV dT 

dV 

therefore apecific heat at constant preaanre is 

Kp^Kv+(T-/r)-^. .... (31) 

This agreea with equation (16) of Frofeaaor Thomson's paper, 

if - in his notation 5=t— if. 

If the hvdy be a perfect gas, then 

The fact that the specific heata of all nearly neifot ^aea for 
unity of weight are inversely proportional to their spedfie grm- 

vitiea. ahowa that ^ is the same for each of them*. 

(13.) Velociii/ of Sound in Fimd$.^Jjtt a denote the vdocilj 
of sound in a fluids and . P the total differential of the pressme. 
Then 

.-^(,.tI)w{,v.(-« -«.*)}. . ^> 

If it were possible to maintain the temperature of each particle 
of the fluid invariable during the passage of sound, this velocity 
would be aimply dV \ 

* i lie fact, recenUy ascertained by M. llegnault, that the specific heat 
of atmosphcrie ur at constant pressute » lenaibly consluit throa^HNit t 

great range of temperature, proves thnt at ordinar)" teuipcraturea 3* is^ 

inappreciably Sin all fraction. (DcroiTiTTor IR'i'l) The specific h^nt of atmo- 
spheric air was accurately predicted by means of these equattons, thxcc 
yean lielbrs H. Regnault ascertained it expehmoitally. 
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Bat we have mson to believe that tbere is nat time^ daring 
tbe passage of aound^ for an appreciable transfer ^ heat from 
Atom to atom ; so that for each particle 

rfQ 4-^/Q'=0; or, K=0 in equation (29). 

To luliil this condition^ we must have 

dr T—K dp 

Consequently, 

"'{'H-%-'-w ■(£}')}' 

or by equation (31), 

di' Kp\ 

That is to say, the action uf heat increases the velociltj of sound 
in a fiuid, beyond what it would be if tieat did not act, in the ratio 
of the square root of the specific heat at constant pressure to the 
square root of the specific heat at constant vohime. 

This is Laplace's law of the propagation of sound; which is 
here shown to be applicable^ not only to perfect gases, but to all 
fluids whatsoever*. 

General Note, September 1855. 

AU that is said in articles (9.) and (10.) of mixtures of atoms 
of different substances in equilibrio of pressure and temperature, 
is appticable also to mixtures of portions of the same substance 
in two different conditions, e.g. the liouid and the vapourous; 
and thus from equation (25) it is found, that the latent heat of 
evaporation of unity of weight of a given fluid is represented by 

8Q'-(T-«).Jsv, 

where p is the pressure of the vapour in contact with its liquid 
at the absolute temperature r, and ^iV is the increase of volume 
undergone by unity of weight of the fluid in the act of evaporfr. 

tiug. If for r— #c be put — , as befoj'e, this equation m trans- 

formed into that deduced by Messrs. Clausius and Thomson 
from Caraot'a principle. 

The recent experiments of Mr. Joule and Professor William 

* For e.\})eriineiital verifications of thin law, see the Philosophical Ma- 
gazine fur June and the Transactiotu of the Royal SocieW of Edin- 
Inrgh, vol. zx. pp. 688, 589. (1863.) 
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Thomson (Phil. Trans. 1854), have shown that the quantity de- 
noted by K is practically inappreciable ; so that both this quan- 
tity, and the terms containing A as a factor, may be neglected 
in equation (25) and those which follow it, until thero is expcri* 

mental evidence of their having sensible values. 

In tlir prrfcdini? paper, the laws of the expansive action of 
heat arc deduced from a mechanical hypothesis, cnllcd that of 
Molecular Vortices. Tliose laws are capable of being; expressed 
and proved independently of any hypothesis (sec Phil. Trans. 
Ib54,]iartl , and a paper *'0n the Science of Energetics," Kdmb. 
Phil. Joura. July 1H5.")) ; but it is nevertheless considered, that 
a molecular hyj;^>llle^is uhich has already led lu the anticipation 
of some laws subsequently coniirmed by experiment, may possibly 
lead hereafter to the anticipation of more such laws, and may at 
all events be regarded as interesting in a mathematical point of 
yiew; althongh its objective reality, like that of other molecular 
hypotheses, be incapable of absolute proof. 



LYIII. On the FeUpara occurring in the Granites of the DubSn 
and Wiekhw Mountains, By the Rev. Joseph A. G ALBftA ite, 

* Erasmus Smith's Professor of Xntural and Expenmental Phi" 
lasophy in the University of DubUn, 

To the Ediiors of the Philosophical Magazine and Joumai, 
Gentlemen, 

IN the last Number of your Journal, Mr. Jennings observes 
that I am incorrect in stating that it is necessary to deter- 
mine the quantities of silev, alumina, 8:r. in a rock or mineral 
in order to obtain the alkalies which it contains. T be? le;ivc to 
say that I never mnfle <iicb a statement ; I certainly did observe, 
in reference to a single and incomplete analysis which he fur- 
nished in order to settle an important question, that where accu- 
racy was an object, it was most desiral'lc lo liavt a complete 
analysis, in wluch each constituent was wcigiicd, and this tor the 
obvious reason, that if all the parts, reduced to per-centagts, 
on b6ing added together yielded one hundred, the utmost confi- 
dence might be placed in a result which thus dieclced itielf : in 
the juatice of this statement 1 am ante that every chemist who 
reads your Journal will acquiesce. 

With regard to the mineral constitution of the granite roeki 
of the Dublin and Wieklow chain, the question at issoe ia that 
which was raised about three years ago by Sir Robert Kane, 
when he stated to the Royal Irish Academy that the soda in 
these granites was so preponderant over the potash, as to lead 
to the conclusion that the potaah ahouid be referred to the mioa 
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wbidi the granite contabed, and that the fel&psr wat an albitio 
or eoda felspar. Considerable donbte havbg been expressed as 
to the accuracy of this statement^ I undertook to search this 
mountain chain for felspar crystals^ and having selected seven 
specimens from widely distant loadities> I submitted them to 
analysis^ and sent the results to your Journal, in the Jsnuary 
Number of which for the present year they were published; the 
average ratbof the potash to the soda in these felspars was 4*5 tli 
a result wlueh difiered so widely from Sir Robert Kane's state* 
menty that I expressed my inability to conceive how the felspar 
whidi entered into the constitution of the rock could be desti- 
tnte of potash. 1 have preserved the specimens, and shall have 
great pleasure in allowing Mr. Jennings to examine them at any 
time he chooses. 

With a view to the direct determination of this question, 
Professor Uaughton undertook the analysis of a series of rock 
aptemens selected from different looaUties in the range, and 
arrived at a result totally at variance with Sir Robert Kane's 
assertion ; the average result of his analyses, as published in the 
July Number of your Journal, gives for the ratio of the potash 
to the soda in toe rock specimens taken from the main chain, 
4'822 : 2*967, or in round numbers 5 : 3. Professor Haughton's' 
analyses prove that the felspar, as found in large crystals, dif- 
fers from that which eaters into the constitution of the rock in 
this respect, namely, that while potash predominates in both cases 
over the soda^ the ratio in the latter case is less than in the 
former. 

T!ie single analysis furnished by Mr. Jenninpr«, aUhoiigh it 
does not fall in perfectly with Prot'essor llnniiliton's results, 
must be pronounced to be equally inconshstent witli Sir Robert 
Kane's stnteiiient, wliich requires us to believe that the felspar 
ol the rui k is desLitute of potash. This is a complete "Statement 
of the quesstinii so tar as iacts have come to li^ht : nml i am in- 
clined to think thai li' Sir Robert Kane bUll remains silent, the 
scientific public, unable any longer to withhold their judgement, 
will }»ronounee this question to be settled against him. SVhy he 
should maiiitain this reserve on a purely sciciiniic question 1 am 
at a loss to understand, as he has had ample time to make good 
tlie promise which he voluntt cied to the lioyal Irish Academy 
in Februaiy 1853. 1 lind, moreover, on rclerrnii^ to public 
documents, that he has made considerable })rogres8 in this in« 
vcstigation. In the Report of the Museum of Irish Industry, 
made 26th January, 1834, he Bayn, *'The chemical officers of the 
Museum have been occupied with a very extensive series of ana- 
lyses (still in progress) of the felspathic and other alkaliferous 
rooks of the mountain ranges south, of DuhHn; of this investi* 
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gation, twenty-four detailed rock analyses have been already 
completed.'' In a return to an order of the House of ComiDOiia 

on a motion made by Mr. George Alexander Hamilton, bearing 
date 3rd May, 1854, I rind the following statement : — " Cou- 
siderable progress has been made with a \cry extended investi- 
gation into the composition of the felspathic and hornblendic 
rocks of the county Wicklow ; the analytical ]>ortion3 of this 
work, perhaps the most laborious and extensive ut its kind ever 
undertaken, will lucUule between 4'(>0 and 500 quantitative ana- 
lyses of rock specimens." In the iieport to the lioard of Trade, 
IGth Jamiaty ot the present year, it is again repi*esented that 
**in the chemical dcjKuLinent of the nuiscutu the examination of 
the felspathic rocks, &c. has made considerable progress." 

When wc consider that this investigation was undertaken by 
Sir Robert Kane in a public capacity, and in conjunction with 
the offieera of the Geological Survey, it must be aUowed that the 
public have a right to aak for information on the subject ; and 
when we consider that Sir Robert Kane publicly pledged himself 
to produce his analysesi we must conclude that he is bound as a 
numof science to redeem his pledge and substantiate his staitement. 

I remain, Gentlemen, 

Your obedient Servant, 

Tnnity College, Dubtin, Jo«BPH A. QaLBBAITB. 

November U, 1865. 

* 

LIX. On Reciprocal Mokcukr Induetum. 

To Prof. IV. Thomson, F.R.S. 
My DEAK Sir, Koyal 1 iistit lUuiii, Nov. 26, 18f\'> 

ri^iiE conuiumieation from Professor \\ rbi r which a))}>ears in 
JL the pitivcnt Number of the PhiloMtpiiieai Magazine, has re- 
mnided me, ahni>sL too late, of your uwn interesting letter on 
the same subject puhlislied in the April Number ol this Journal. 
A desire to liuibU ail 1 have to say upon this qucistioii at present 
induces mc to make the following remarks, which^ bad it not 
been for the circumstance just alluded to^ might have been inde* 
finitely deferred. 

With reference to the mutual action of a rowof bismuth partides^ 
you say that '*it is perfectly easy to demonstrate that it tmut be audi 
as to impair the ' diamagnetisation ' when the line of the row is 
parallel to the lines of &rce" (the 'must,' you will remember, 
IS put in italics by yourself). From this you infer, that in a 
uniform field of force a bar of bismuth would set its length 
along the lines of force. Further on it is stated that this 
action is " demonstrated with as much certainty as the paral«* 
Idognun of forces;'' and you conclude your letter by observing 
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tbat " the asaections which I [youraelf ] hare made an demon- 
strable in every case without special ei^eriment, and are 

absolutely incontrovertible, as well as incapable of verification, by 
earotoiment or observation on diamagnetks.'^ 

Jloet of what I have to say upon this subject condenses itself 
into one (question. 

Supposmg a cylinder of bismuth to be placed within a helix, 
and surrounded by an electric current of sufficient intensity ; can 
YOU say, with certainty, what the action of either end of that cy- 
linder would be on an external t'rap^nieut of bismuth presented to it? 

If you can, I, for mvpart, shall rejoice to learn the process by 
whicii such certainty is attained: but if you cannot, it will, I tliink, 
be evident to yo;i th:;t the verb mus't^^ in lo^u ally "defective/' 

We know tluit iii;(<^etizecl u'on attracts uoii ; we knom that 
magnetized iron r( ])rls bismuth : this^ so far as 1 cmh set is your 
only experimenttil t^ruuud for assuimm/ that magnetized bismuth 
repels bismuth, and yet you afliroi that an action deduced from 
this assumption '*i3 demonstrated with as much certainty as the 
parallelogram of forces/' Do I not state the question fairly ? 
I can, at all events, answer for my earnest wish to do so. 

It is needless to remind one so well acquainted with the 
mental experience of the scientitic inquirer, tliat the very letters 
whicii you attach to your sketch, page 291, may tempt us to an 
act of abstraction — a forgetfulness of a possible physical ditfer- 
ence between the n of iron and the n of bismuth — which may 
lead us very wide of the truth. The very term 'pole' often 
pledges us to a theoretic concc])tion without our being conscious 
of it. You are also well aware of the danger of shutting the 
door against experimental inquiry uu an unpromising subject; 
and when you apparently do this in your concluding paragraph, 
I simply accept it as a strong way of expressing your personal 
convictiou, that the action referred to is too feeble to be rendered 
senrifole by experiment. 

Believe me, dear Sir, 

Moat truly yours, 

John Tyndall. 

LX. On the gvpposed Influence of the Hot-hlaet in augmenting 
the quantity ofPhetphirue m Pig-iron, ByJ^Ayin S. Trice, 
Ph,D., F,C,8, ; and E. Cbambbbs Nicholson*. 

'HE employment of the hot-blast in the smelting of iron is 
ad[intted to occasion the production of pig-iron of inferior 
quality, that is to say, containiuated with larger amounts of 
foreign elements than that .smelted with cold-blast. 

* Communicated by the Authors. This paper was read in part at the 
Irtish AssodatioQ, Liverpool, lb64. 
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In the iiteient oommimiMtaoii it is not our intnilion to euM 
upon tbe diseusston of this sttbjeet generally^ as we intend t»* 
lemng thin for a fotare oomaiinieition^ but to limit our rennrke 
to the consideration of the supposed influence of hot^blast in 
augmenting tbe qoantitjr of phosphorus, an dement of almost 
constant oocnrrence in pig-iron, and to the presence of which ia 
bw^iron the peculiar property of the metal known aa catf aAortf- 
iMft is attributed. 

In a paper published in the Quarterly Journal of the Chemieal 
Society*, BD(l also in one read before the British Assooiattoii in 
1849t> bv Mr. Wrightson, several analyses of cast iron, the frro- 
dnce of Staffordshire Aimaces worked by hotj warm^ and eold 
blast, are given to prove that a larger amount of phosphoiie ncid 
it reduced when hot-blast is employed. 

The increase in the per-centage of phosphorus in the iron 
smelted witb hot- over that with cold* blast ia eihibitsd in ilM 
Mowing series of Mr. Wrightson's results i-^ 
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0-4; 
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The ores from which the iron wh^ smelted were aUu ai^kK a*: J, 
auil louiid to coiitmu the ioUuv^mg per-cenUigcs of phi>»phonc 
acid : — 

Biii4i« Blot flali* Penaf eartk. Oubbia. Wlut* woo ttoae. Want irac Bkck int, 

traces, traces. 1-00 0*82 0*95 QrW tnee. 

The increase in the an. mint ot {i])05|>]ioriis indicated in tbe 
above table ns m i liniuti: m hoUbiast iron, does not, in the ab* 
sence ot u knowkdge of the relative quantities of the respeclirc 
ores employed, whieh vary as much as 1 per cent, in the qnan- 
titv of phosphoric ncul ^^ l.u h \ contain, aiidiiis^* ui un exami- 
nation of ihe ljia>i-iuiiuii.L slag pi\>dueed, appear to aiford suf- 
ficient proof in eupport of this opinion. 

Karsten t- in speaking of bog-iroo ore, says that, when smelted, 
the \^lK>ie oi the pho>])hate of iron is reduced to the state of 
phosphide and absorbed by the iron. Berthier§, from experi- 
iiieu:> einulucied uu a small scale, does not coincide with this 
Tiew, ..lid eou$idcrs that the difficidty of detecting smaU qnan- 
titiei of phosphoric acid most aecoont lor itn not appearing 

♦ Vol. i. p. 330. t Chem. Gmx. vol rii. p, 4r^. 

J }Undh^,< \ drr EismkiitetUtanJ . vol. li. § B«(lin» IMU 



Digitized by Google 



w mtj^BMiUmg ike quaiUily 0/ Fhoiphorus t» Pig^wm* 

• 

amongst the eonnitoeatt in the various analyses of blast-fdrnaee 
■Ian niueh he has described in his irork* 

From experiments made by assaying pure htematite with vari- 
able per-eentagesof phosphate of limet' and snitable proportiona 
of flux and chareoal, we have, by analysing the buttons of metal 
and slags obtained, taking to select those only in which the 
operation was pezfeeti that is to say, in which a colouriess slag 
and graphitOQs button were produced, also corroborated Ber- 
thier'a reanlta, as will be apparent from the following table • 



Paie^aniflc of 


PhoB^ute of 


f 

Vim* 


Cofei. 


Ber^Milage of phosphorus 
in button. 




Cftlculatcd. 


Found. 


1. 100 gnus. 
9. 100 ... 

3. 10-0 ... 

4. 100 ... 


0't5 grras. 
075 ... 
2-50 ... 
5-00 ... 


10<^gnDi. 

100 ... 

100 ... 
j 10^0 ... 


2*25 grma. 
2-26 ... 
2-50 ... 
2 50 ... 


0^ 

1-83 
6-20 
12-60 


0- 56 

1- 60 

260 
600 



In the assa^ of ores, and also of scorns from forge* and mill- 
fdimaees, which contain a large amount of phosphoric add, 
results widely different to the foregoing wm arrived at. The fol- 
lowing, selected from a great number of experiments, are marked 
illnatrations of this - 







1 


1 

Cok«. 


nas. 


photoalBl 


i«f phoft- 
Mt&n* 












Caleulitad. 




5. Wp?fh ^black-band ordinary" 

6. Argillaceotit iron ogfr- oU' 

cincd, very rich u plioft- 

7. Brown hiematite, also rich " 

8. Scoria from puddlinc^ ^-rnrtf 
Scoria £roiu bAUiug-tumacc.. 


grms. 
100 

J0H> 

► 100 

in f) 
.10 0 


- 

grms. 

3-5 

1*6 



1 

1 


gnus. 

175 
1*90 

20 
20 


gmw. 

10 0 

10 0 
100 


0-82 

e-«o 

6yo 

13 6 
2-27 


0«l 

670 
12-5 



The time occupied in performing the assays, and the furnace 
eonditions under which they were conducted, were about the 
asme in all cases. Where flux was employed, it consisted of two 
parts of clayHshale and one part of lime. 

It is neoessary to state, that the phosphoric aoid in the ores 
above cited was in comUnation wita lime. In the einders it 
existed as phosphate of iron. 

In experiments Nos. 1 and 2, it will be seen that the quantity 
of phosphorus found agrees pretty well with the theoreticaii 

* Tlw unount of phosphoric acid in the phosphate of Ume was previously 
40t€rmiDed. 

PML Mag. S. 4. Vol. 10. No. 68. Ike. 1864. 2 F 
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•mmmt, wliilit in 8 and 4 it falls conaiderably short. That 
tills 18 owing to the length of time during which the reduction 
pfOceiB is cufied on we have no doubt, aa we have frequently 
repeated the assays with the same proportionij and have found 
the amount of phoaphoras in the button to vary considerably, 
neyer having snooeeded in obtaining more than four-fifths of the 
total qnantity. Tf, howevor, the cementation were prolonged 
for a sufficient k-ntrtli of time, it is very probable that the whab 
of the ])liosphoric acid would be rcduccJ. 

We have undertaken many exj^ei iments upon the large scale 
with the \iew of deeiding this point. For this purpose we hare 
determined the auiuunt of phospliorus in iron that Lad been 
smelted from argillaceous ores by coid-blaat^ and by a blast 
heated to G00° F. 

The following arc the results : — 

1. II. m. IV. 

Hot-blaat . . . 074 0*68 0*71 0-58 



V. 

0-81 



VT. 
0-62 



TIT. 
0-68 



VIII.* 

0*63 



Cold- blast . . 

The iron in both caaea waa what is known as good No. 2 

foundry pig. 

Tn two instrmres it will be seen that tlir per-ccntage of phos- 
phorus is higher in the euld-ljhist iron than in the hot; but the 
difference in these and in the other two is so slight, that it may 
fairly be attributed to the variations in the eoui position of the ore. 

The slags produced simultaneously w ith four of the above irons 
were examined for phosphorie ac id by the usual methods, as well 
as by molybdate of ammonia ^ and it was only by the latter re- 
agent that we were able to find minute traces. We append the 
analysea of the slaga 



Silicic add . • . 
Alumina • • • • 

Lime 

Magnesia . • « « 
Protoxide of iron . . 
Protoxide of manganese 
Sulphide of calcium . 
Alkalies .... 
Phosphoric acid , . 
liOsa • • • • • 



39-95 
17-41 
29 64 
6-47 
0-24 

0- 91 
3-60 

1- 46 
trace 
0-32 



U. 

40-20 

16-45 
3000 
7-29 
0-57 

0- 84 
2*71 

1- 30 
trace 
0-64 



V. 

41-64 
13-20 
35-91 
4-21 
Oil 

0- 74 
2-19 

1- 70 
trace 



VI. 

42-94 
16-29 
81-10 
4-16 
0-34 

0- 51 
216 

1- 87 
trace 



100-00 1 



lOOOO 100<X) 



* These correspond with the per-centase amouuta. of phoaphomt calcu- 
lated from the snalviet of the ores, that Uie pjg-iitiiii ahoold eontahi if a& 
the phofpborie add were tednced. 



As far as our experience enables us to judge, we incline to the 
opinion that when the process of reduction is complete, or nearly 
8o, that is to say, when no oxide of iron or small quantities only 
paw off with the slag, that then the whole of the phosphoric add 
u redaced, and the phoq)lioniB absorbed* by the iron indtoen* 
dently of the temperatoie of the bUwt* The analyaea aWe 
given prove auch to be tbe case with the iron imeltea from the 
ores ordinarily employed in thia eonntry, in whieh tbe amount 
of phosphoric add sddom exceeda 1 per cent. 

with orea and scorise eontaining large amonnta of phoapborie 
add, we have also had opportunitiea of proving that wben amdted 
with bot-blast, all tbe phoapborie acid is reduced, and tbe pboa* 
pborua absorbed by the iron | this we have found to be the case 
with ores containing from 2 to 3 per eent. of phosphoric add, 
and with scoria with aa much as nom 8 to 10 per cent i but we 
bave not had an opportunity of examining a product amelted 
with colcl-blast from similar materials. 

Tbe following exhibits the per-centage of phosphorus, (IX«) in 
my pig-iron smelted with hot-blast from pisolitic iron oret^ 
(X*) ol gray pig-iron smelted with bot-bhist nom puddling fur* 
naoe acorin and day-ahale 



IX. 

2-56 



X. 
6-94 



The alaga fespectivdy made with these products bad tbe fol- 
lowing compontion 

IX. 
45*64 
10-84 



Silicic acid . • . • 
Alinnina • • . * 

Lime 

Magnesia . . . , 
Protoxide of iron 
Protoxide of manganese 
Sulphide of calcium , 
Alkalies . . • « 
Phosphoric acid . • 
Loss « . • • . 



3501 
316 
0-71 
trace 
3-30 
0-82 
trace 
0-52 

100-00 



X. 

4111 

9-46 
87-90 
2-11 

0- 89 

1- 61 

r,-4i 

U'7i 
trace 



imiii 



Pbospboric add ia present in blast-furnace slajja wben white 
iron ia being amdted^ that ia, wben the slag containaq>predable 
qnantitiea of protoxide of iron, aa will be aeen by tbe following 
analyaea. 
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XL 


XTT. 


Silicic acid • # • . 


4111 


3784 




13-45 


13*20 


Lioie 


29-82 


20-68 




4 75 


2-93 


rrotoxide of iron . . 




20-83 


jr roioxiae oi niaii^ii686 • 


U bo 


troll 


Aikahcs 


1-84 


1-08 


Sulphide of calcium . • 


1-34 


0-87 


Phosphoric acid . . • 


0*16 


1*77 




0*44 


0-06 




10000 


10000 



No. XL is that of a slag rewmblmg black bottle-glaaa in ap« 
pearanoe^ and £rom its liquidity when melted is termed by the 

workmen a scouring slag. It was from argillaceooB ore. 

No. Xll. from pisolitic ore when the working of the famaoe 
was much deranged. This slag was exceedingly ncavyi of a pitch* 
black colour^ with the surface of the blocks in the tap wagons of 
the dull^ dark red« bronie-like aspect characteristic of very bad 
fomacc slags. 

From these results we must regard the ore as be ills' melted up 
(not smelted) and flowni^ away with the slags, although in very 
dilierent degrees in the two examples givcu. 

The analyses of crystalline slagrs by Percy and D. Forbes*, in 
all ul which pliosphoric acid was sought, lead to the same infer- 
ence, phosphoric acid havinp: been discovered and estimated in 
only one instance, and that in a slag similar to XI. It contained 
FeO 4 94, and PO* 019. 

In condosion we will briefly recapitulate the results of our 
experiments. 

1st. That in assaying ores, all the phosphoroB of the pboa« 
phates will be found in the button. 

2nd. That when the ordinary iron orea, such as the aigilla- 

ceons ores, black bands, haematites, &c. are smelted^ the iron 
produced, if it be gray, will contain all the phosphorus of the ore^ 
whether the furnace oe driven with hot or cold blast. 

Lastly. That the slag may contain phosphoric acid in deter- 
minable quantity when white iron is b^g smelted. 

* British Assoeistioii Report, 1846; and Chem. Qsi. vd. p. 29. 
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XiXI. Same Considerations reRpectvtf/ fhr Lunar Ortgm of AerO' 

iites. By il. P. Gkeo, Esg.* 

Dll. LAWRENCE SMITH of Louisville University, U.S.,ha8 
just published in the American Journal of Science^ Second 
Series, vol. xix. May 1855, an interesting memoir on Meteorites, 
which deserves attention even from tliosc who may not agree with 
the theory of their lunar f)rii^in. He directs attention to the phy- 
sical, chemical as well as !iiiiicralof::ical, clmracteristics of aerolites, 
pointing out the voleanie and igneous nature whieh some of them 
possess. He agrees with me in the ini|)ortauce of separating 
these bodies from shooting stars and pi rmdic luniinnns meteors, 
a circumstance which no astronomer except Olmsted ims noticed 
or valued. He rejects their atmospheric origiu, and considers 
them as certainly belonging to, or as having proceeded from, 
a larij;! T whole, and not to have resulted from the condcusa- 
ticu of 80 many independent cosmical particles. He then comes 
to the lunar theory, and after giving it.s iusLoi y and naming the 
principal advocates of itt# lays down the following proposi- 
tions : — 

"1st. That all meteoric masses have a community of origin. 

''2nd. At one period they luimed |)arts of some large body. 

"3rd. They have all been subject to a more or less prolonged 
igneous action corresponding to that of terrestrial volcanoes. 

*' 4th. That their source must be deficient in oxygen. 

" 5th. That their average specific gravity is about that of the 
moon. 

"From wbat haa beeo said under the head of common charac- 
ters of meteoritesy it would appear far more singular that these 
bodies should have been formed separately from each other, than 
that they should have at one time or another constituted parts of 
the same body ; and from the character of their formation^ that 
body should have been of great dimensions. Let us suppose all 
the known meteorites assembled in one mass, and regarded by 
the philosopher, mindful of our knowledge of chemical and phy- 
aiou laws. Would it be considered more rational to view them as 
the great representatives of some one body that had been broken 
into fragments, or as small specks of some vast body in space 
that at one period or another has cast them forth ? The latter, it 
seems to me, is the only opinion that can be entertained in re- 
viewing the facts of the case. 

" As regards the igneous character of the minerals composing 
meteorites, nothing remains to be added to what has already 

* Commmiicited hy the Author. 

t It ^vrt^ |iroposf(l by an Ttnliaii ithilosopliiT, T- r/niro. in 1660, rucI has 
been at ditiVri nt tinies. and for various rensmis, Kupnnrti d hy Olbeni, Biot, 
Brandea, Foxsson, Quctelet, Amgo, Iknzeubuig and Lapiace. 
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been said ; iD ilwt no mineralogist OMi ditpute the great reaem* 
blance of these minerals to those of terrestrial volcanoes^ they 
bftving only soffieient difference in association^ to establish tbaty 
although igneous, they are extra-terrestrial. The source must 
also be deficient in oxygen, either in a gaseous condition or com- 
bined as in water : the reasons for so thinking have been clearly 
stated a8 dependent upon the existence of metaUir iron in mete- 
orites; a metal so oxiflizable, thnt in its terrestrial assocjiun-ns 
it is aliiKjst always found combined with oxygen^ and never in its 
metallic state. 

"What then is that body which is to claim common parentage 
of these celestial messengers that visit us iioui time to time? 
Are we to look at them as fragments of some shattered planet 
whose great representatives are the thirty-ihrce asteroids between 
Mars and Jupiter, and that they are ' minute outriders of the as- 
teroids ' (to use the language of Mr. B. P. Greg, in a late com- 
munication to the Brttish AssodationJ which have been ultimately 
drawn irom their path by the attraction of the earth f For more 
reasons than one this view is not tenable; many of our most di« 
atisgoished astronomers do not regard the asteroids as fragments 
of a shattered planet; and it is hard to believe if they were, and 
the meteorites the smaller fragments, that these latter should 
* resemble each other so closely in their composition ; a circum* 
stance that would not be realized if our earth was shattered into 
a million of masses large and small. 

" If then we leave the asteroids and look to the other planets, 
we find nothing in their constitution, or the circumstances at- 
tending them, to lead to any rational supposition as to their 
bemg the original habitation of the class of bodies iti question. 
This leaver! us then but the moon to look to as the parent of 
meteorites, and the more I contemplate that body, the stroTif^cr 
docs the conviction grow^ that to it all these bodies origiuaiiy 
belonged." 

Dr. Snuth then notices the similarity existing between the 
respective densities of the moon and aerolites, but docs not ky 
great weight on that point ; though he thinks t^eir chemic^J 
composition a strong ground in favonr of their lunar origin. He 
goes on to say, — 

Laplace's view of the matter was connected with present vol- 
canic action in the moon, but there is every reason to bdieve 
that all such action has long since ceased in the moon. This, 
however, does not invalidate this theory in the least, for the force 
of projection and modified attraction to which the detached 
masses were subjected, only gave them 'new and independent 
orbita around the earthy that may endure for a great length of 
tune before tMnuDg in oontaot with the earth. 
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"The various astronomers citnrl concur in the opinion, that 
a bodv ])rojected from the moon with the velocity of about 
8000 feet per second, would go beyond the mutual pomt of 
attraction between the earth and moon, and already having an 
orbital velocity, may become a satellite of the earth with a modi- 
fied orbit. 

"The important fpiestion then for consideration is, the force 
requisite to pruducc this velocity. The iorce exercised m tcires- 
trial volcanoes varies. According to Dr. Peters, who made ob- 
•mations on ^tna, the velocity of some of the stones was 1250 
feet ft seeond, andobaemtioiis made on the peak of TeaanSSd 
g^ve 8000 feet a second. Assummff, however, the former velo* 
city to be the maiimiim of terrestrial volcanic effects^ the velocity 
wiUi which the bodies started (stones with a specific gravity of 
about 3*00) must have exceeded 2000 feet a second to permit of 
an abaorbed velocity of 1260 feet through the denser portions of 
our atmosphere. Now suppose the force of the extinct volcanoes 
of the moon to have equalled thftt of ^tna, the force would have 
been more than sofficient to have projected masses of matter at 
a velocity exceeding 8000 feet a second ; for the resistance to be 
overcome by the projectile force, is the attractive force of the 
moon, which is iVom five to six tinief^ less t]mu that of the earth, 
80 that the same projectilu forct in the two bodies would produce 
vastly greater velocities on the moon than on the earth, discard- 
ing of course atmospheric resistance, of which there is none m 
the moon*.'' 

In the following, I think Dr. Smith, as he does in several of 
his arguments, rather begs the question in his anxiety to make 
the moon's position and physical powers favour as much as pos- 
sible the production and discharge of aerolites to the earth, it 
wonld appear to me more reasonable and consistent with our 
ideas of terrestrial volcanoes to suppose, that the total absence 
of water and atmosphere in the moon is favourable to the notioOj 
that volcanic action there is of a less violent and explosive chft- 
ractar than on the earth. Br. Smith 8ays« however,-* 

"But doubtless, were the truth of tile matter known» the 
projectile force of Innar volcanoes ht exceeded that of any ter- 
restrial volcanoes extinct or recent, and this we infer from the 
enormous cratera of elevation to be seen upon its snrfaoey and 
their great elevation above the general surface of the moon, with 
their borders thousands of feet above their centre ,* all of which 

* The editors ol the Amesiesii Jonrnal beie iasert the ibUowing hi a 

foot-note : — 

" It would require at the moou the same force to produce an initial ve- 
locity of 8000 feet a seoond as at the esrth ; and the diSeience of rate at 
the end of the first second would he dight (discsrdmg from consideisticn 
the atmosphere). — Ed9" 
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point to tilt immense internal force required to elevate the 
melted lava that must have at one tune poured from their side?^. 
I know that Prof. Dana, in a learned paper on the subject c»f 
Innar volcanoes (Am. J. Sci. [2] ii. 375), argues that the 
great breadth of the craters is no evidence of crreat prujcetile 
force, the pits being: regarded as boiling craters wlu ic lurcc for 
lofty projection could not acciuiiulatc. Although his h\-po- 
thcsis is mgeniously sustained, still, until stronger proof is 
urged, we are justified, J think, in assuming the contrary to 
be true, for we nrast not meamire the convuliife throes of 
nature at all periods by what our limited experience has entUed 
U8 to witness. 

''As regards the existence of volcsnic action in the moon 
without- air or water, I lia?e nothing at present to do, particu- 
larly as those who haye studied volcanic action eonceie that 
neiUier of these agents is absolutely required to produce it; 
moreover, the surface of the moon is the strongest evidence we 
have in favour of its occurring under those circumstances." 

Doubtless volcanic action has been highly developed at the 
surface of the moon, but in the absen<% of all water, we may 
conclude that lava floods have rather been emitted from herir(^« 
canoes, than discharges of stones and ashes. 

It is still considered by some a?:tronoraer3 that the moon is 
not altogether without an atmo5!])hcre ; though that be of small 
extent, it may nevertheless be rich m oxygen. It would be dif- 
ficult to snppoHc that the extensive volcanic action which has evi- 
dently taken place in the moon, could have been exerted or main- 
taiued without the pn^sencc of oxygen ; and if we admit that 
aerolites come from that body, we must necessarily concede 
there the existence of oxygen, since mostaerohtcs contain a con- 
siderable quantity of silica, magnesia and alumina. 

After all, the scarcity of oxygen where meteorites originate, a 
fact in itself highly probable, as based on the non-oxidation of 
the irouy nickel and phosphorus, if true, does not prove they 
proceed from the moon, but merely that they come from some » 
place deficient in oxygen. 

If meteoric masses of native iron really come from tHe moon, 
their non-oxidation might arise more from the absence of aqueous 
vapour than from an absence or deficiency of oxygen. Wliile 
fairly admitting that some aerolites have proceeded from lunar 
Yolcanoies, because such have all the charaeters of erupted vol- 
canic rocks, as those of Juvenas, Weston and Bishopville, it 
by no means follows, as Dr. Smith would argue, that all meteoric 
masses, even iron ones, also romrfrnm the same source or place; 
for in many aerolites and meteoric irons there is little if any- 
thing of a volcanic character. 
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We cannot reaaonably suppoae that lunar voleanoea have 
ejeeted enonnouB masses of iron^ whether in a pore or oxidized 
itatOi when iron occurs in such small quantity and so rarely as 
the product of terrestrial volcanoes^ and then most frequently de- 
posited by sublimation* The densitv of the moon, as given by 
Dr. Smith, is only 8*6^ while that of the earth is 6'6 ; this ren* 
ders it still more improbable that substances of greater density, 
at the metals, are more abundantly ejected from the volcanoes m 
the moon, thiin from those of the earth, the latter body having 
the greater average density. I would also observe, that the 
metal ntdbe/, present in almost all kuown aerolites and iron 
masses, has never yet been observed as a direct product of our 
volcanoes ; this is not, however, an a^ment of much moment 
mie way or the other, especially as that metal, in the form of 
red nickel, is known to occur in grauwadke at Beichelsdorf in 
Hessia^. 

The argument, however, against the first proposition of Dr. 
Smith, that all meteoric masses have a community of origin,'' 
(and militating therefore against his conclusion that that com- 
mon origin is the moon's volcanoes,) which may be most forcibly 
illustrated, is where we consider the case of an iron mass weigh- 
ing firom 10 to 20 tons, as those from Durango and Rio de la 
Plata ; for it is at once evident that no ordinary initial volcanic 
force could ever project such ponderous masses beyond the point 
or limit of the mutual attractions of the ^110011 and earth. The 
calculations which have been made rcs|)e€tnif; the velocity of 
stones projected from .Etna or TcnerifFe, arc based on the sup- 
position tli;it such stonr'^ nrc of moderate size, having a density of 
only 3*0, or nearly three times less than that f)f iron. 

1 believe T am speaking within bounds when I state, that no 
stone wei gin HLT more than 100 lbs. has ever been ejected from 
the above-iiained volcanoes by a iorce, which, if exerted at the 
moon's surface, wovdd allow of its reaching the desired pomt of 
neutralized attra< dons. 

Dr. Daubeny^tiitrs that the stones which overwhelmed Pompeii 
did not weigh more than 8!b8. ; and 1 myself can bear witness 
that the largest erupted blocks which crop out from under the 
lava of Mount Somma, and much nearer the central cone there- 
fore than Pompeii, seldom exceeded 50 lbs. in weight. It can 
assuredly then only be stones of very moderate size, sav of some 
5 or 10 lbs., which could 111 any case, reasonably and |)r:ictically 
speaking, reach or pass that hmit where the superior uUiuctioii 
of the moon herself is lost. 

It surely would make a material difference in our calcula- 

* I have a hnc s]>t ( ihk n in my cabinet of miTu rals fVoin that iocalityj 
the n^atnx very much resembling some meteoric ntoues. 
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tions, whether a mass projected from a volcano in the moon 
weighed 80 lbs. or 80,000 lbs. ; but such a difference Dr« Smith 
teems entirely to have overlooked ; it is sufficiently great, how* 
erer^ in the present state of our knowledge of this subject, to 
over-rule the possibility that the larger iron meteorie maaees can 
have n lunar origin. 

Dr. Smith *?ives us thr rrsuk of ^nmo interesting: experiments, 
to prove the fallacy of jiuljrinsr ot the actual size of lucteora by 
their apparent size; I shall aj;ain qnotc his own words:— 

"In my experiments, three solid bodies in a state of vigorous 
iiiratiJcsceuce were used : 1st, charcoal points rraiismittincr elec- 
tncily; 2ndly, lime heated by the oxy-hydrogen bluw-ptpc; 
Srdly, steel in a state of incandescence in n stream of oxygen 
gas. They were observed on a clear night at dilfcrent distances, 
and the body of light (without the bordering rays) compared 
with the disk of the moon, then nearly full, and 45° above the 
korison. Without going into details of the experunent the xe* 
snlta will be tabnlated. 

Actual (Itiun. Appmrent dinm. Apparent diam. Appwent diam. 

as aeen tt It In. MlMjwdi* atisiite. alAvBa. 

Carbon poinU ^«rnlMk, ^t^^^mmfmiSm, ^^am.^ S^«Mu<lt. 

Lime hght . 
Ineandes.steel ^ 

"If then the apparent diameter of a Inminons meteor at a 
given distance is to be accepted as a guide for calcniating the 
real size of these bodies, the 

Charcoal points would be 80 feet iudiam. instead of of an in. 
Lime •*• oO ••• *** 

The steel glulinlc ... 25 ... ••• 

"I need not Ik rr enter into any cxj)lanation of these de- 
ceptive iippearant I s, tc>r they are well-known facts, and were tried 
in tin- 1 1 resent form only to give precision to the criticism on the 
supposrd size of these bodies.** 

Dr. Smith is evidently anxious to reduce to a minimiiin the 
size of the lunar aerolites^ and proceeds a little further on to 
say :— 

This then will conclude what I have to say in contradiction 
to the supposition of large solid cosmieal bodies passing through 
the atmosphere, and dropping small portions of their mass* The 
contradiction is seen to be based j first, upon the (act that no 
meteorite is known of any very great aise, none larger than the 
granite balls to be found at the Dardanelles along side of the 
pieces of ordnance from which they are discharged ; secondly, on 
- the fallacy of estimating the actual size of these bodies from 
their apparent siae ; and laatly tem ita being oppoaod to «U ther 
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laws of chance, that these bodies shotQd have been passing 
through an atmosphere fojr ages and none have yet encountered 
the body of the earth/' 

It is not strictly true that no meteorite is known ctf any great 
sife, t. e. not larger than the well-known cannon-bails of granite 
at the Dardanelles, for one or two of the larger meteoric iron 
maam have been described by traTcllcra aa being 7 feet in 
length and weighing 15 tona. It would be improbable that 
auch a mass couJd be projected beyond the mouth of dther a 
hmar or terrestrial volcano, much less reach a height of several 
thousand feet. 

The following calculations will show that a masa of irouj 
having a spherical form, and weighing 20,000 lbs., could not 
reasonably have a greater velocity than 872 feet in a second if 
projected from a lunar volcano. Tlie calculations are based on 
the following premises. 

A stone having 5 6 inchea in diameter, with a density of 3*0, 
and weighing 10 lbs., is assumed to be projected from a lunar 
volcano at the rate of 9000 feet in a second, t. e, with a velocity 
mofethan sufficient, according to Dr. Smith and others, to allow 
it to pass the limits of mutual attraction between the moon and 
the earth. 

Taking the sp. gr. of iron 8 0, and bearing in mind that the 
areas are as the squares and the masses as the cubes of the dia- 
meters, we arrive at the following results. A maBs of iron (glo- 
bular) to weigh 20,000 lbs., sp. gr, 8, will be a little over oO'jl 
inchea in diameter ; found thus 

*^132009=50-9m.nearly. 
V 8000 sp. gr. X '5236 / ' 

A similar masa uf stone to be the same weight, and sp. gr* 3*0, 
must be 70*6 inches iu diameter ; found thus 

(15?^) =^352024 = 70-6. 

Now if a piece of stone 5*6 inches in diameter, weighing 10 lbs., 
be projected with a velocity of 9000 feet per second, a mass 
70*6 inches diameter, and weighing 20,000 lbs., could only be 
projected with a velocity of 715 feet per second, because the 
weights would increase so much faster than the sectional area* 

Thusaa . T^)^ 9000- 

iHttsas . j^^^ WW, 

or as 2000 : ^||^ :: 900 : 715 feet. 

81*86 
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The mau of non has a less aeetional area than the stone became 

of its greater specific gravity, vis. in the proportion of 

to (70*6)^; it would therefore only be projected with a velocii^ 

of 372 feet per second; or as 

498436 : 259081 : : 715 : 372. 

That is, a velocity more than 20 times too small to allow of 
the larger known meteoric masses to reach the earth, if proiected 

firom a lunar volcano. 

Tlie exclusion from a Itmar origin of the larger meteoric 

masses, ef^periRlly iron ones, though not perhaps altogether 
sui>versive of the lunar theory generally, is yet injurious to its 
stability. 

The physical constitution and intciDal appearance of some 
aerolites also, as those of Barbotan, Weston, Juvenas^ and 
Bishopville, are entirely opposed to the idea either of an atmo- 
spheric oriirin, or of atiy consolidation of humoloarous, or 
nebnlons jjaiticles existing in iiiterplanetai*)' space. They are 
evidently parts, as Dr. Lawrence Smith likewise justly insists on, 
of some larger whole, and are not unfrequently true igneous, if 
not Tolcanic rocks. Physically speaking, thm is little choice 
left to us but to consider some of them certainly as having 
true geological and mineralogical c^racteristics; either pro- 
ceeding from volcanoes io the moon, or portions of a broken 
satellite or planetary body : there may indeed be difficulties and 
objections to either supposition. 

In a previous Number of this Journal, I endeavoured to 
bring forward some arguments and facts in favour of the 
latter idea, and I barely alluded to the lunar theory, but sinee 
the publication of Dr. Lawrence Smith's elaborate essay in its 
favour, I have now ventured to state more fully some reasons, 
not without their weight, against a theory in many respecta 
so plausible. 



LXII. On a New Ore of Sibfer, By H. J. Bnooss, F.B.S..4' 

IKECEIVED some years since from Mexico a specimen of 
an ore of silver, said to be carbonate. It occurs in small, 
compact, irregular-shaped, earthy-looking masses, imbedded in 
carbonate of lime and quartz accompanied by crystallized blue 
carbonate of copper. Its colour is dull, dark gray ; it is entirely 
devoid of lustre, and its hardness appears to diner in different 
parts of the specimen. 

* Commmuesled ty the Author. 
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It was examined in a very curaory manner by the late llicbard 
Phillips; and the portion he examined bcin^^ found to effervesce 
with acid and to contain silver, he was led to rcirarcl k as a car- 
bonate, and particularly as it so much lescmbled the carbonate 
of silver described by Selb. 

A recent examination of it, however, by Mr. Richard Smith, 
in the metallargical laboratory at the Museum of Practical Geo- 
logY in Jennyn Street, shows it to be a very different compound, 
ma one new to nunenlogy ; and theie can be no doubt tnat the 
Cirbonk add wbieh deoetred Mr. FbiUtpi wia derived from the 
intermixed ceibonates of lime and of copper. 

The aaalyaia of two amall portions m the earthy part of the 
sabstance aqiarated from the matrix gare the following resnlta 
per cent. 



I. 



Silver . • • , 


IfrOO 


Antimony , . . 


7-82 


Sulphur • • • « 


1-41 


Selenium . . , 


2-81 


Chloride of silver • 


1-26 


Oxide of copper 


10-46 


Silica • • • « 


45-56 


Alumma . . . . 


2*06 


Peroxide of iron • 


2-21 


Lime 


V72 


Carbonic acid . . 


2-92 


Combined water 


2*31 


Hygroscopic water • 


•99 




97-61 



b. 



7-50 



II. 

17-lH 

7- 28 
1-84 
3-58 
267 

8- 61 
41-81 

404 

2*88 



3-04 



The whole of the copper contained in the mineral is disiolved 

out by acetic acid ; from this we may infer that it is not present 
in the form of sulphide or selcnide. The acetic acid solution 
was found to contain lime, but did not give any precipitate with 
the addition of hydrochloric acidj nitrate of silver^ or chloride of 
barium. 
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HvOBis'a Bioiing Lenom. Mni Book, London : Longman, Brown, 

Oreen, and Longmans. 1855. 

THOSE who are practically engaged in the education of youth 
will be beat able to appreciate the value such reading lessons 

as Mr, Hughes intends Us to be, as well as the difficultiea which 
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haift to be ttirmoiiilted in jnetlising his ideal. la order to form a 

fair estimate of the eucce?s of !iis undertaking, and to make these 
difficulties understood^ it will be well to consider briefljr wluit ia 
required in such reading' lej^son?. 

In order to suit ail tables, the bubjects should embrace the several 
depaitments of literature, science, and art. The writers should be 
men of known ability, accostomed to original research ia tbdr eetend 
departments, eo that what they write may he qaidBcned hr that 
peculiar freshness and Tigour which a direct acqoaiatanee wim their 
subjectf nlf)ne can trivtv Each lesson should be n creation, nnd not 
a compilation, liach author should strive by all possible means to 
arouse and maintain the interest oi hiis iLiukr ; lor tin- j)ui{)ose he 
should avoid too much detail, and should be less auxiuus tu iucre&se 

the aainber of hia (aots» than to sunoond each fact with its own 
atmosphere of interest. All looseness of expression and insufficiency 

of explanation should be carefully avoided, their conseqaences npoa 
boys being extremely disheartening and injurious. The strictest 
accuracy in facts and expressions Bhould be preserved, and all deft* 
nidons should be as clear, decided, nnd concise as possible. 

The difficulty of Mr. Hughes's task will now be evideut. To find 
a number of men to co-operate with him in tlie fulfilment of tlie 
above demands is not easy, and it will not, therefore, be sniprisiQg 
to find that the success which has crowned his efforts, thoof^ con- 
siderable, is not complete. As ftr as this first book is concerned* 
however, we shall see that its success is certainly sufficient to encou* 
rage him to persevere in his prn!=eworthv task and we sincerely 
ho]>e, that whilst preserving the many good qualities of the first, 
his iorthcoming books will be free from its defects. 

Hiis is not Sie place to speak much of the departments of litera- 
ture and art. We shall merely remark, Uiat the lessona oil Mental 
Colture, by Mr. Edward Furodl, contain many sound thoughts and 
mnch good practical advice ; they will be read by serious youths of 
more ndvfinced age with profit and interest. The Biographies, which 
form an admirable feature in a boy's reading book, are on the whole 
well written. . W© know nothing more calculated to rouse a boy's 
faculties into activity, and induce him to be diligent and persevering, 
than well- written Uves of men who have demonstrated by their 
woiki what diligence and perseverance can accomplish. In tbt 
lorthcomlng books we hope to see this ieatare more rally developed* 
The selections of poetry are not as well chosen as we could wish« 
neither can we say that the lessons on Kluslc alid Fine Arts are likely 
to prove quite 8uccc?«ful. The chapters on Englisli Literature by 
Mr. George L. Craik are well written, and \vill find many readers. 
Believing, as we du, that these lessons may do something towards 
cultivating a love fo^ English literature in boys, we shall not stop to 
inqnhre whether the rivalchiims of English auUiora are there quito 
justly stated ; for it is far more important to develope in boys the 
of judging for themselves, than to fumkh them with the 
opinions of other judges. Everybody know? the attractions which 
natond history possiseee for young people, and we doubt not tha| 
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Mr. Fattenon win be fally appnciftted by them. Wtnt of space 
wSk aol allow u» to do more than notice, tbal the departments of 
Ethnology and of Animal and Vegetable Fhyaiology are in tbehanda 
of the WeU-known writers Latham, Mann, and Lankester. We 

hasten to consider more cnrcfully thnse pnrta of the book with wboM 
SUbjecta \\'c are more immediately connected. 

Mr. HuEjhea himself is the writer of the lesson? on Physical Geo- 
grajthy, and, as might be expected from the origioator of the whole 
schtme, has performed his task well. We wish we could say the 
same of Mr. J. Beete Jnkee, the writer of the pages on Geology, or 
latlier Mineralogy. Turn a director of the Oeological Survey of 
Ireland one naturally expecta to have interesting artidei, or at 
least, articles free from gross inaccuracies; but justice, and Uie very 
fact of his high position, compel us to say that his productions are 
neither interesting nor free from the most ctrreOTOus blunders ; indeed 
the book would be considerably improved if liis part of it could be 
completely suppressed. We are quite aware that a sentence so 
severe as this should not be lightly pronounced, nor should it be 
unaccompanied by proofs ; no other consideration except this would 
indnee ns to gire greater prominence to erton whmb we feel sure a 
earefol perus^ wonld bare prevented. The articiles an uniaterert- 
ing on account of their sterili^, and of the almost entire a b senc e of 
that freshness and life which we believe to be indispensable. The 
nninterestinc: descriptions of minerals, unenlivened, as they to a 
preflt extent are, by interesting associations, are far more calculated 
to check than to awaken in the reader any love for the science. 

But the fact-s brought forward are themselves often inaccurate, 
and the author's igaorance ur unpurdonable carelessness will unfor* 
tonately either confuse or misinform the attentive reader. For 
instance, on page 79 the reader is informed \q Mr. Jnkas» that 
** eommon salt is formed by the ccmibinatien of soda with hydro* 
chloric acid," and on page 217* by Prof* Frankland, that it is formed 
by the combination of sodium and chlofiDe. Which is he to belicTC ? 
Mr. Jukes culls flnor-spar a fiuorate of lime. No 3uch compound as 
the latter is known to chemists.— lluor-spar is lluoride of calcium. 
Iodine and bromine are placed among the &eveu eubbtances which, 
according to Mr. Jukes, "when pure, are always found in the state 
of gas or aeriform fluid;" now every chemical book wc have seen, 
tells us that iodine is a dark-coloured tefii bafin^ a metallio lustn, 
and that bromine is a Ufdd of a Tery deep brownish-ied colour, and 
almoet three times heaner than water. Agein, we are told that 
platinum " is the heaviest of all metals except gold." Now tba 
specific gravity of platinum, although it varies a little with its struc- 
ture, is about 21-5, whereas that of g'old is only 19"5. More blun- 
ders might be exposed, but the above surely warrant our severe 
sentence. Witli the hope, therefore, that Mr. Jukes will either be 
more cautiuud, or deciiiie writing altogether in such books, wc pass 
CD with pleasure to Professor Frankland's lessons on Chemistry. 
These lessons bafe many good qoalitiest and fkom the epiiitod 

' and pkasaot mmn ia wbidi they tie wiittea, diey will ao doidil^ 
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as they deserve, have many admirers. The facts are here accurate^ 

and the manner in which they are intr ulnced, as we?! a? the peculiar 
treatment of the whole subject, leave no doubt upon the mind that 
the author is perfectly iit home, and apeak? from his own experience. 
It is uuiy as critics that we feel it to be our duty to draw attention 
to a sllgfat abseDce of strictness and philosophic aocuracy in some <^ 
the thMietical questioDS iotrodaoeds before doing so, liowe¥er,4et 
OS admit that these defects dimintsli bttt Httle the value of the les- 
sons; indeed* their general excellence suggests^ in some measure, 
that closer examination which has led to the detection of what we 
deem to be faults. For instance, great an 1, we think, undue stress 
is laid upon the elective character of the chemical force, by which it 
is thought to be distinguished from all other natural forces. " If." 
says the author, *' we place a piece of silver and a piece of iron in a 
tumbler of water, we notice after the lapse of a wm dajrs that tlie 
iron has lost its lustre and become covered with rust, whilst the 
brilliant surface of the silver remains unchanged. Here one of the 
constituents of the atmosphere, oxygen, which was dissolved in the 
wntcr, finding itself in the presence of silver and iron, made a seiec- 
tiuu lit^Uveen the two metals, and preferring the iron, united exclu- 
sively with that metal." This is quite true, but it can scarcely be 
eonsideredcharacteristic of the chemical force ; for Profiessor Rraakland 
knows quite well, that if a magnet were presented to tiie same two 
laeees of metal, it would mantmst prectsdy the same preference, and 
make exactly tiie same selection. Again, the term eUuikUjf is used in 
a rather obscure manner, l^ct pn])pose that the yoiin^ reader has 
turned to the very useful appendix at the end of the book, and found 
elii-iticity defined, very properly, as " the property which some bodi^ 
have of recovering their form and dimensiou after the force which 
changed their shape and appearance is withdrawn," and then imagine 
his oonfusion when he resds the fbUowin^ sentences " Htmi is the 
principle of elMtUUjf" — " Just as cohesion modifies ehemical af&. 
nity, &e., so heat at dMctly produces analogous resutts by the 
formation of volatile compounds, and their expulsion in the gaseous 
form." Or lastly, "the mode of decomposition beiiif; here deter- 
mined by the elasticity of the carbonate of uimnoaia, which is ex- 
pelled from the mixture in the form of white vapours." It may be 
objected, that in chemistry the term elasticity has a different meamng 
from the one above given \ but if so, why iiaB oot Mr. Connon no- 
ticed it in his appendix to the article on chemistry? llie &ct is, how- 
ever, that the term has, or ought to have, but one meaning, and in 
the lessons on chemistry other words would certainly hnve conveyed 
the :iuthor*s meaning more distinctly. These defects, however, are 
not serious ones, and we are of opinion that the lessons on chemistry 
are amongst the most successful of the series : we heartily recom- 
mend them to the attention of all young readers* 

Mr. PuteeU's lessons on Mechanies are also wdl and dcariy 
written. 

Professor Tyndall's, on Natural Philosophy, are in every respect 
admirable, llie style is attiaetive, lucid» and vigums. The coU 
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lipion of bodies, Rnd the laws of fallin<^ bodies, arc generally some- 
what diliicult questions for boys, but they are here made so remark- 
ably clear and simple that uo boy of ordinary intelligence can fail to 
uuderbtaud them. All we will add is, that if the boy not only reads, 
but stndut Hide kssons, and thea trie* to solve the problems pro- 
posed therein, his soooess will be certun; and it will bring with it 
so much pleasure and encouragement, that he cannot foil speedily to 
overcome far greater difficulties. 

The last lessons we shall notice are those by the Rev. Robert 
Main, on Astronomy, which may also be pronounced successful. 
The explanfitif)ns are usually clear, thou{^h there are some obsscure 
sentences, i^'ui la^tauce, in the ioUu^^ing there is surely some mis- 
print The real motion of the earth jfrom west to east produces an 
ezactl y c qual apparent motion of the sun in the same direction." In 
the following there must be some omission : " Since the ecliptic and 
equator are both great circles, that is, since both pass through the 
visible sphere of the heavens, their planes will cut each other in a 
line, which i? a diameter of the sphere." We disagree with the in- 
troductory bentence, too, inasmuch as we csuiuut understand '* why 
the grandeur uf its objects " can make astronomy " the noblest of 
all physkal sdenees;" ndther are we aware that astranomera are 
move "completely separated from the petty cares and ooneems of 
our present existence" than other physicists. All this is merely 
accredited nonsense, usually uttered thoughtlessly, and not worthy 
of being uttered at all. It forms no part of Mr. Main's lessons, 
however, which are reedly good. 

In conclusion, we wish Mr. Hughes every success ; his first book 
is a good one, and we hope his future books will be better. We 
have given unusual space to our review because we deem his project 
an important one, and because it is almost the first of its kind in 
which the principle has been recognized, that only the ablest men 
can expound the elements of a science successfully, and that the task 
is in every respect worthy of their valuable time. 

A Treatise ou ionic Sectiuns. Uy the Rev. Gsorgb Salmon, A.M. 
Third Edition. London : Longman, Brown, Green, and Long- 
mans. 1855. 

It is a source of considerable satisfaction to find, amongst the 
crowd of very impedeet educational books whidi are daily issued from 
our press, a treatise so truly valuable as the present ; and it is also 

cheering to learn that the ]Hil)lic has so fiur recognized its merits as 
to demand a third edition. The book is now suflficiently well known, 
otherwise its title might mislead many ; for although it is true that 
the greater part of it is devoted to an examination of the ])ropcrfies 
of the conic sections, yet this being done from an anaiylu .il point 
of view chiefly, it was necessary to prepare the reader by a similar 
investigation of the properties oif the line and drde ; ao that, in faet, 
the whole constitutes a very efficient treatise on the elements of 
analytic geometry, such as may with advantage be placed in tlic 
hands of every student who has mastered the elements of Euclid, 
PhiL Mag. S. 4. Vol. 10. No. 68. Dec. 1855. 2 G 
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plane trigonometiy, and algebra. We Tentmre to aiaert, tfaat' 

amongst students already acquainted with its merits, this is one 
their favourite text- books ; for the treatment throughout is admirably 
clear, strict, and elegant, — in fact, such as can be nrbieved only by 
one who, besides that perfect mastery of the subject which can only be 
acquired by original research, possesM^ ulm that unarquirnble talent 
of lucid exposition, and is guided by thut knowledge of the didicuicies 
usually eoconntered by students, which experience only can give. 

This third edition is revised and enlai^ed, and contains many 
improvements upon the former two» with respect to its t3rpe, amuige- 
ment, and its well-chosen and numerous adection of examples. The 
student will do well to work all thepe eonpcientiously, and to pay 
jMUrticular attention to those intcrcptin;:: chapters on "abridged nota- 
tion.** The last chapter contains a bhort but clear acrount of the 
moiit important modern geometric methods^ umongst wiucii i& that 
beautiful method of reciprocal polais first introduced by Fonodet, an 
acquaintance with which may be said to form an epoch in the history 
of every young mathematiciui. 

The importance of these methods may be estimated from the fact, 
that in the hnmh of a Steincr, with scarcely niiy help from algebra, 
they have become the most po^verful instruments of discovery, and 
have given him a wonderful insight into the nature and })r{iprrties 
of curves ; an insight which is, perhaps, more thorough and direct 
than any attainable by one who is accustomed to call in the more 
mechanical aid of algebraic calculation. 

We do not wish here to revive the old and useless dtscnsdon on 
^e comparative merits of the algebraic and geometric methods; 
both have undoubtedly tlieir ndvaiitages, and both are indispen«'nble. 
In the greater part of the present treatise, however, tlie former of 
these methods is adopted ; and in drawino: attention to the import- 
ance of the last chapter, we would merely remark, that if his object 
be to obtain a thorough knowledge of the properties of conies* the 
student will do wcU to combine the two methods to a greater extent 
than is here done ; for the fact cannot be disputed, that the very 
facility with which results can be obtained algebraically, may indi- 
rectly prevent that iTih'mnte ocquaintanre ^vith the properties of 
curves which a rigid geometrical iaveatigatiuu always secures. 



LXIV. Proceedings of Learned Societies* 

BOTAI. 80CUTT. 
[Condnded horn p. 389.] 

June 21 . — The Lord Wrottesley, President, in the Chair. 

ri"\HE following communications were read : — 
JL *' On the Existence of a Magnetic Medium, iiy T. A. 
Hirst, Esq. 

In a note on the above subject, communicated to the Royal 8o- 
eiety on March 16, 1855, Professor Williamson objects to a certain 
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conclusion deduced by Professor Tyndall in a letter addressed by the 
latter to Mr. Faraday and recently published in the Philosophical 
Magazine. Pftvfessor Tyndall's conclusion was that, according to 
the hypothesis of the existence of a magnetic meidium in space and 
of the identity of magnetism and diamagnetism, a compreued dia- 
magnetlc cube ought to be less repelled when the ma^rnotic force 
acts on the line of compression than when it acts at right angles to 
that line ; a result w liich his own experiments have contmdicted. 
Against the leLritimicv of this conclusion Professor Williamson 
urges that *' Dr. Tyudall seems to have assumed, that on the com- 
pression of an aggregate of particles of a diamagnetio substance, the 
medium is not displaced by the particles in thehr change of posi- 
tion." We shall be better able to estimate the value of this objee* 
tion by recalling the steps of Professor I'yndail's argument. 

A magnetic cube was taken which had already been compressed : 
iti* deportment before a magnet was experimentally examinee], and 
(It'dtiction-; drawn concerning the changes that would occur in that 
deportment by merely conceiving the magnetic capacity of the 
material particles to he diminished, without in any way altering 
the distiiuces between those particles, and consequently without 
in any way displacing the magnetic medium in the interstices of 
the body. 

Instead of the assumption attributed to Dr. Tyndall, he might, 
with greater justice, be accused of having disregarded the possible 
presence of the medium within the body ; but in his own defence he 

may with perfect justice reply, that in Mr. Faraday's experiments, 
which ori2:inally gave rise to the discussion, no such interpenetratioa 
of two mt dia existed. 

Adiiutting, however, that the interstices of a body are occupied 
by the medium, it may be interesting to inquire whether, from an 
aiigument dmilar to Professor T^nddl's, the same decided oonclu* 
aion G0uld» with equal accuracy, be deduced. To answer the in- 
quiry, it must be remembered tlmt the force of the argument in 
question depends essentially upon the justness of the supposition 
that a diamagnetic cube may, theoretically, be produced horn a 
magnetic one by conceivin«r the ma2;netic capacity of the particles 
of the latter to be sufficiently diminished. It is evident that the 
total attraction of the cube by a magnet will be equal to the sum of 
the attractions of the material particles, and of the medium con- 
tained in its interstices. If this sum be greater than the attracting 
force upon the quantity of medium which the cube and its eontente 
displace, the substance is called magnetic, for it will be drawn 
towards the magnet; if less, it is called diamagnetic, for it will be 
repelled (rom the magnet. But ui our present knowledge of the 
properties of the medium there is nothing incompatible with the 
supposition that the density of the internal medium may so far ex- 
ceed that of the external, that the attraction of the former hy the 
magnet is itself greater than the attraction of the medium displaced 
by the cube and its contents. If so, however, no conceivable dimi- 
nution of the magnetic capacity of the material particles could pos- 
sibly render such a cube diamagnetic. 

202 
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This i- sufficient to show that, fiilniitting the presence of the me- 
dium within the cube, the method of argument adopted by Professor 
Tyndall would not be strictly applicable, unless the density of the 
internal medium were snlgected to limita whicli the advoGateB of ita 
existence might poaeibly te nnwiUing to grant. 

Bat it may be asked, if, whilst admitting that the medium may 
exist in the interstices of the body, it be granted that a diamagnetic 
may be produced from a magnetic cube in the manner assumed by 
Professor Tyndall, does it still follow, necessarily, that attraction i< 
always greatest — repulsion least — when the force acts in the Uoe ot 
compression? In other words, can a conclusion contradictory to 
experimental iacte be tken legitimately dedaced ? 

In attempting a reply to tfaii question, it will, perbepe, be bett to 
employ the following eymbolt. I^t W represent the attracting 
force of the magnet upon the medium displaced by the cube and its 
contents. The value of W will, of course, be unaltered, no matter 
whether the force acts in, or at right angles to the line of compres- 
sion. When the force acts in the line of compression, let Pj repre- 
sent the attracting force upon the particles, W. the attracting force 
upon the internal medium* and let Fj be proportional to the resultant 
attraction of the cubical mass towards the magnet. Let P^ 
and F, have similar significations when the force acta at right an^ea 
to the line of compression. Then we may pot 

Fi=Pi+Mi-W. 
F,=P.+M,-W. 
Now, in a compressed magnetic cube, ezperipient profea that 

or P,-|-Mj-^Pg-t-Mj. 

i. e. Pi— Pi 5^ — (M|— M,). 

Af long as we are ignorant of the properties of the medium within 
the body, we will, for the sake of completeness, consider the follow- 
ing three distinct cat-cs. 

I. The attracting force upon the mcdmni within the cube is the 
same when the force acts in either the one or the other of the two 
directions, with respect to the line of compression. Here 

Mi=M,. 

hence Fj ^-P,. 

II. In whichcTer of the two directions of the force the attraction 

of the particles may be grcute«t, the attraction of the internal me- 
dium is also p-rrntest in tlic same direction. Here, according as Pj 
is greater or ie^s than P^, Mj is greater or less than M, ; hence, 
inasmuch as 

P, + Mi^P,-f.M2, 
Pi5>P, and Mji^Mj. 

III. In whichever of the two directions of the force the attraction 
of the particles may be greatest, the attraction of the internal me- 
dium is greatest in the direction perpendicular to the some. Here, 
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aoGordiiig aa is greater or leu than P,. ii leas or greater than 
M3. 80 that the two hypotheses 

(1) Pi>Po and Mj-^Mj, and 

(2) P4<P2iuidi\l,i^Mj 

are both oompalihle with the sole condition, 

P,+M,>P2+M,, 

In order to test the applicability of Professor Tyndall's method of 
aigoment in each oi diese eases, let us concctTe, with him, that the 
magnetic capacity of the particles is so far diminished that their 
attractions Pj and P, are reduced to p, and |»,. This may evidently 

be done by making /7|=aP| and /).j=<7r.>, where a represents a pou« 
tive fraction whose magnitude can be dimiuishod indefinitely. If, 
under thi«i supposition, the resultant attractions F, and become 
and/,, then it can easily be j^roved that» however small the value 
of a may be, we shall always iia\ e 

in the cases I., II. and III. (1). That is to say, with the distribu- 
tion? of the internal medium assumed in these cases, the resultant 
attraction of the cubical mr\ss will alwavs be greatest, or repulsion 
least, when the force acts in the line oi compression, no matter how 
diamagnetic the cube may have become by diinnu>hni«^ the muguctic 
capacity of its particles. It may just as eai^y be proved, however, that 
in case lit. (2) a value of a may be chosen sufficiently small to make 

A 

tlmt is to say, with the distributitjn and properties of the internal 
mccHurn here siijipu'^ed, it is quite possible so far to diminish the 
mugneLic capacity of the particles aa to obtain a cube which will be 
attracted kast^ or repelled most strongly when the force acts in the 
line of compression. This conclusion mvolves nothing contradictory 
to experimental facts, whereas the former one does. 

I will not here enter into the question of the relative probability 
of these three cases, supposing the medium to exist. My sole ob- 
ject has been to show that, although the method of argument adopted 
by Professor rvndall is strictly n]i})licable in a preat number of 
cases, even wheii the medium is supposed to fill the interstices of 
the body, yet it is possible to attribute properties to this medium of 
such a nature as to avoid the conclusion, contradictory to fact, which 
he has deduced. This may be done in two ways. /Irsf, the den« 
sity of the internal medium may be such as to render it impossible 
to produce a diamagnetic from a magnetic cube in the manner 
assumed, t. e. by dimioishtng the magnetic capacity of the material 
pHfticles. Secondly, granting that a diamagnetic cube may be so 
produced, the distribution and j)roperties of the internal meditim 
may still be ^^nch as to cause the cube to be attracted least, 01 n jiuikd 
moat strongly when the force acts on the line of cuuiprc^oiun, and 
thus, if the substance be diamagnetic, to cause it to agree, in its 
deportment, with experimental results. On the other hand, if ttoe 



Digitized by Google 



446. 



Royal Sucieiy : 



hypothetical properties of the internal medium be discarded as arti- 
ficial or inadmi<'«iH1e. then ut present I see ao way of eacapipg the 
conclusion of I'l itessor Tyndali's argument. 

With regard to the explanation given by Professor Wiliiamson, it 
will be observed that he pursues a path quite different from that of 
Professor Tjri^'^' when he consideiB the effects produced by eom* 
pressing a numbed of particles surrounded by a magnetic mediam. 
This compression, he states* may alter the atti^ction of the mass 
by a magnet in two way? ; — first, by altering the density of the 
matter; secondly, by alterini; the density of the medium." By the 
term ' densiiy of matter' is u-u illy underetood the relation ^vh!rh 
exists between the quantity ui matter which a body contains, and 
the volume of the space enclosed by its external surfMse. fiut in 
the present case, where a comparison is instituted between the 
matter of the body and the mediam which is supposed to iUl all its 
pores, we must. I imagine, understand by the term 'density of 
matter,' the relation which exist? between the ?um of the masses of 
the particles, and the gum of their volumes ; but if so, then, the par- 
ticles themselves beinii: incompressible, it is clear that compres4»ioa 
could not alter the ' density of matter.' 

As to the second efieet of compression* viz. an alteratimi of tfa« 
density of the medium, it may be quite conceivable, although I do 
not find that Professor WilHamson has any where taken it into con- 
sideration. The effects of compression may, therefore, be more cor* 
rectly described a? either — frs-f. a diminution of tlie interstices of 
a body, without altering: tlic tkn.sity of the medium which fills 
them; or secondly, a diuuuution of the interstices, accompanied by 
au alteration of tlie den&ity of the medium within them. 

Let us assume, as Professor Williamson has virtually done, that 
the first of these eflfiects takes place ; then, if we admit that ** in a 
cubical mass of carbonate of iron the material particles are mote 
magnetic than the medium which they displace, and the force with 
which it is attracted is proportional to this excels," we can by no 
means admit that, because " it becomes mure magnetic by cuui] rts- 
sion, we must conclude that the loss of magnetic medium from its 
interstices is more than supplied by the magnetic matter which takes 
its place for, according to what has already been advanced, the 
excess of the attraction of the material partides above that of the 
medium they displace is the same after, as it was before compression ; 
inasmuch as compression merely changes the relative situations of 
the particles, by bringing them cinder together, but does not in the 
least alter their volume, and const (jiuntly does not in the leuft alter 
the quauLity of medium they displace. 

With respect to carbonate of lime. Professor Williamson's con- 
clusion is, of course, untenable, because it is based upon the fore- 
going one. He says, "when these particles are brought closer 
togetiier by pressure, with diminution of the intervening s])aces oc- 
cupied by the medium, the mass becomes more diamagnetic, bec»iii<^e 
a certain qufiutity of the magnetic medium is tlius rejdactd by the 
less magnetic matter." It is, however, manifest that exactly the 
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same qunnhty of magnetic medium is displaced by the less maG:netic 
matter after, as there waa before compressiun. Why, then, siiould 
dumagnetic aisttoo be inereaaed by compresBkm ? 

Lutly, with respect to the ciystak of carbonate of iroo and car- 
bonate of lime. Professor Williamson's explanation, although inge- 
nious, is liable to the same objections as those already mention^. 
It cannot, in fact, be said that the functions of matter predomi- 
nate most strongly over those of tlie medium they displace in any 
one direction, merely because the particles may be closer together in 
that direction ; for, as lung as each particle is surrounded by the 
medium, tbe {nredommance of that function of the partides with 
which we are concerned, i. their attraction« over that of the me- 
dium they displace will be the same, whatever may be the distances 
of the particles asunder. 

From the forej^oing- remf\rl<f», tlierefore, it h manifest that, if Pro- 
fessor Tyndali has not yet succeeded in demonstratino^ that the 
hypothesis of the existence of a magnetic medium and of the iden- 
tity of magnetism and diamagnetism is necessariljf at variance with 
experimental facts, neither has Ftofestor Williamson succeeded in 
proving that this hypothesis is in accordance with those iacte. The 
question of the existence of a magnetic medium is still an open one, 
and will continue to be so until the many important princi])les wliich 
it involves, but which have not been introduced into the present 
discussion, have been further elucidated by new iavestigatioos and 
new thoughts. 

*' Anatomical Notices." By Professor Andrew Retzius, of Stock- 
holm. Extracted from a lietter to Dr. Shaipey, dated 10 May, 
1855. (Translation.) 

" 1 . On the Term of the Cranium M the Embryo. 

" So far as I am aware, due attention has not hitherto been given 

to the different forms presented by the cranium in its earlier starves 
of growth. In the skeletons of early human embryos to be seen in 
most museums, tlie imperfectly ossitird cranium is for the most part 
shrunk up and dishgured. To obtain a currect view of the form of tlie 
eranial canty, I first remove the skin.'fascia and muscles ; I then, by 
injecting water through the vertebral canal, thoroughly wash out 
the soft brain and spmal cord; and lastly, fill the cerebro-spinal 
cavity with quicksilver or with melted tallow, taking care not to 
distend it over-much. The opening in the vertebral canal !« to be 
stopped with a little plug of wood, and the preparatiou allowed 
to dry. 

" In the skeleton of a human embryo of the fourth month, pre- 
pared in tbia way, the occipital bone was found to have the form of 
a funnel, llie narrow part of which passed into the vertebral canal, 

as represented in the accompanying figure 1 . 

" It thus appears that the human occipital bone, in its early con- 
dition, approaches in form to the vertel)ral canal, and in this respect 
also it resembles the occipital bone in several quadrupeds, which so 
obviously represents the hrst cephalic vertebra. 
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" For the sake of comparison, I divided the skull of another em- 
bryo of the same age into two halves by a vertical median section, 
washed out the brdn and esuonmed the prepaiatioii wlnle it lay nn* 
mersed in weak tj^t of wine in a shallow glass capsule. The 

occijiital bone had the same funnel-shape as in the former case. As 
development advances, the funnel-like form is gradually lost, whilst, 
on the other hand, the bone appears more deepened or tubular the 
earlier the embryo to which it belongs. The same is true of 
quadrupeds. 

" In the beautiful figure of the embryo-skull, gtven in Kcflliker's 
' MicitMeopische Anatomie/ B. 11. taf. 3. fig. 2, & downward pro- 
longation of the occipital bone appean mudi less, bat whetiior leas 
than it ought to be I cannot venture to say, as I happen to have no 
specimen of that age (one month older than the one I have given) 
with which to compare the figure. 

Pig.l. 




" The early form of the occipital bone I have here described be- 
comes easily intelligible when we remember that the shajie of the 
skull is regulated by that of the brain ; and that as the latter is at 
first greatly elongated, and its ganglia imperfectly covered, the cra- 
nium must then also have a correspondingly elongated form. 

"9. Om the jtUnm Pylori. 

" I have now for some time directed my attention to the determi- 
nation of the true form of the stomach, and have become more and 
more convinced that the antrum pylori of the older anatomists 
(' Pfurtncrhohle ' of the Germans) is really a special compartment 
of the general cavity. I have had occ^ision to make numerous ex- 
aminations of the stomach in the bodies of middle-aged women who 
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died in the hospital, and found the form to be nearly as represented 
in figure 2, where d rf, //indicate tte antrum pylori. This part is also 
distinguished by greater thickness of its muscular coat, more strongly 
developed glands, and the presence of the well-known plicae fimbriatae. 
The commencement of the duodenum also forms a special rounded 
cavity, which I should propose to name the antrum duodeni, and 
which is characterized internally by the absence of valvulse conni- 



Fig. 2. 




ventes, and by the dense array of Brunner's glands beneath its 
mucous membrane. This part constitutes what has been called the 
fourth stomach of the Porpoise, and some other Cetaceans. I may 
observe that the so-called ligaments of the pylorus are connected 
with the formation of the antrum pylori. 

'* 3. On the Fascia Superficialia. 

*' Tlie accounts usually given of the fascia superficialis are for the 
most part very imperfect. As far as I can judge, this fascia is in 
many parts of the body a constant membrane, and really appertains to 
the skin, as may be particularly well seen in the integuments of the 
back. The cutaneous muscle of quadrupeds, in most cases, probably 
arises out of this fascia ; the muscular fibres being deposited, as I 
conceive, in the midst of its substance, and finally becoming covered 
by it as their perimysium. In this way too, I imagine the platysma 
myoides and epicranius to be formed." 

*' On the Effect of Local Attraction upon the Plumb-line at sta- 
tions on the English Arc of the Meridian, between Dunnose and 
Burleigh Moor ; and a Method of computing its Amount." By the 
Venerable Archdeacon Pratt. 

The author states that in a former communication he had pointed 



460 Hayal Society - 

oat a method for calciiUitiiig the defleetion of the plnmb-liiie at ita^ 
tions on the lodiaa arc, caused by the attraetioa of the HinaUyat 

and of the vast regions beyond, with a view to the correction of the 
astronomical amplitudes of the measured subdivisions of the arc 
before they are applied to the determination of the ellipticity of the 

earth. 

The same subject is taken up in the present paper, but in refer- 
ence to the Engiit^h arc between Dunno^e and Burleigh Moor : and 
a different, method of calculating the attraction ia given. 

The paper consists of three parts. In the first, the ellipticity of 
the English arc is calculated without taking account of attraction. 
The arc is divided into five parts, and the lengths and amplitudes 
assigned to them in Mud^rc's Trigonometrical Survey of England, 
vols. ii. and iii., are made the basis of the calculation. These por- 
tions of the arc are compared two and two, and ten values of the 

elliptioity thence deduced; the mean of which is — -— — . The 

ten values, of which this la the mean, differ considerably among each 
other, indicating that then is some disturbing cause, like load at* 
traction, affecting the plumb-line, and therefore the apparent lati* 
tudes. The variations of the observed amplitudes are then dis- 
cussed; and the necessity of calculating the local attraction pointed 
out. 

In the second part a formula is obtained for calculating the at- 
traction. The method is different from that given by the author in his 
first communication. The curvature of the earth is neglected, aa 
this would have no sensible effect on the results in the British Idea. 
The attraoting mass is divided into a number of smaller masses 
standing on rectangular bases at the 9ea-lcvel, and the height of each 
is taken equal to the avcraj^-?^ height of the surfacp above the «ea- 
level. The dimensions of the bases may differ from eac h r ther, and 
are determined by the contour of the surface in such a way that the 
average height in each mass may not depart materially from the 
hoght of any part of it. The investigation hMida to the following 
Rulefor determining the horizontal attraction deflection of theplumo* 
line caused by any one of these Tabular Masses (as the author caUa 
them) r — 

Rule. — Take the origin of coordinates at the station trhere the 
plumb-line is. Let the plane of xy be horizontal, and the axis of x in 
(he vertical plane in which the amount of dejlcction is to be found. 

JVrite down the coordinates XY xj of the furthest and nearest angl^ 
of the Tabular Man from the origin ; Y ts ohmfe to he contidered 
and y or — ^ accordingly^. 

Form four ratios, by first dividing each ordinate by the ateeieea not 
belonging to it, and then by dioiding each ordinate bg its own abecieea^ 
viz. y y Y y 

X A X X 

Look in a Table of Tangenie for the four anglee of Mok the tan* 
genie epuU the above roiioe. 
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Form four more angleM bp adding (subtracting if they be nej/ttUue) 

half of each of the<;f angles Jvst found to (or from) 45**. 

From the sum of the log'tntigenta of the first two of these angles 
subtract the sum of the iog-tungents of the second two. 

This result, multiplied bg H feet and by — , wUl give ike required 

defection of the pbmb'Hiu in seconds of a degree^K being tlie height 
of the Tabular Mass above the eea-levd, and itB density being taken 
equal to half the mean density of the earth* which is that of 

granite. 

The only restriction to be attended to in the application of this 
Rule is, that the ratio of the height of the attracted station above 
the sea to each of the horizontal coordinates of the nearest angle 
of the iubular Masa, mu&t be so small that it^i £i(^uure may be 
neglected. 

If any part of the attracting mass is nearer to the station than 
this, it must be divided into vertical prisms and the attraction of each 

found ; for which the author gives a formula in a note. 

In the third part the Rule is applied, for the purpose of iUustra- 
tion, to obtain an approximate value of the deflection of the plumb- 
line at Burleigh Moor, the north station of the arc under coiiMciera- 
tion, situated on the north coast of Yorkshire. The dedtction is 
found to be 8''*644 to the south. The data upon which this calcalap 
tion is baaed are gathered by the author from the Map which accom- 
panies General Mudge's account of the English Survey* sold the 
heights marked down on that map. 

The deflection at several other stations is deduced from this result 
of calculation, by using the amplitudes given in Mudge's work, and 
also in Captain YoUand's ' Astronomical Observations made with 
Airy's Zenith Sector/ published in 1852, and by supposing the cur- 
vature of the meridian to be the mean curvature of the whole globe 
as laid down by Mr. Airy in his article on the Figure of the Berth. 
Thus the deflection at Black Down on the Dorsetshire coast (one of 
the places mentioned in Captain Yolland's volume), the author finds 
to be 5"'886 to the north, a quantit y which tnllies well with the de- 
flection assigned to Burleigh Moor on the Yorkshire coast, if the re- 
lative heights ul the two coasts are compared. This affords a satis- 
factoiy evidence of the correctness of the principles laid down in the 
paper; and, as the author thinks, makes tiie subject weU worthy the 
attention of those who are interested in the English Survey, and 
who have it in their power to furnish the most accurate data for the 
application of the Rule he lays down. The «uhject is also no less 
important to the mathematician in his investigation of the figure of 
the eartli. 

In a Postscript the author makes the folio wing remarks upon the 
Astronomer Royal's method of aooounting for the large amount of 
deflection on the Indian arc deduced by the author in his former 

communication 

" Since the above was written, I have had the opportunity of see- 
ing a notice of the communication of the Astronomer Royal on the 
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Denaity of TaUe-Uuids supposed to be snpported bjr ft dense tmd or 
semi-fluid mass; and the use he makes oi his suggestSons to lemofe 
the discrepancy, pointed out in my first communication, between the 

values of the deflection of the plumb-line in India, as determined by 
calculating^ the attraction of the Himalayas, and as indicated by the 
results ot tlic Great Trigonometrical Surrey. The following diffi- 
culties occur to me in the way of this highly iogenious and philoso- 
phical method of remofing the diMa^pancy : — 

" 1« It assomes that the hard crasl: of the earth is sensibly lighter 
than the fluid or semi-fluid mass, imagined to be a few miles below 
the surface. But I know of no ]aw» except the unique law of water 
and ice, which would lend ns to suppose that the fluid mn^^ in con- 
solidating would expand and become IL'-htxr. One would rather 
exjieet it to become denser^ by loss of heat and mutual approxima- 
tiun of ila particles. 

" 2. There is* moreover, every reason to snppose» liwt the emat 
of the earth has long been so thlck« that the position of its parts 
relatively to a mean level cannot he any longer subject to the laws 
of floatation. If the elevations and depressioiM of the earth's surface 
have always remained exactly what they were at the time when the 
laws of floatation ceased to have an uncontrolk d elTect, then the 
^iuiie reacoiiiug W(.)uld no doubt apply in our case, a? it' they ^tiW hatl 
Uieir lull sway, iiut geology shows that other haws are iu coiihtant 
Operation (anstng most probably, as Mr. Babbage has suggested, 
firom the expansion and ooatractioci of the solid materials of the 
crust), which change the relative levels of the various pnrts of the 
earth's surface, quite irrespectively of the laws of floatation. If 
Mr. Hopkins's estimate of the thicknes? of the crust be correct, viz. 
at least lOOU mile^, these laws of change in the surface must have 
been in operation for such an eiiurmous interval of time, as quite to 
obliterate any traces of the form of surface which the simple prin- 
ciples of hydrostatiea would occasion. Indeed, it seems to me highly 
probable that the elevation of the HimalayBa and tiie vast regions 
beyond may have arisen altogether firom die slow npheavmg force 
arising from this cause. 

** I am inclined to think that the only explanation of the discre- 
pancy betw cen my calculations and Uie results of the Indian Survey, 
is to be found in the greater curvature of the Indian Arc," 

" Contributions to the History of Aniline, Azobeozole and Benzi- 
dine." By A. W. Hofmann, Ph.D., F.R.S. 

The transformation of nitrobenzole into aniline by the action of 
solphnrslted hydrogen is attended with such difficolties and requires 
especially so much time, that chemists hitherto have generally pre- 
ferred to i^epere this base from indigo. Lately a new modification 
of Zinin's process has been adopted by M. A. B^champ*, which 
consists in submitting nitrobenzole to the reducing action of aeetnte 
of protoxide of iron. This process — M. B^champ simply nfc? a 
mixture of uou and acetic acid — is applicable to all nitro-compounds 

* Cbem. CNH^ Ifsrch 1, 1856^ p. 81. 
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and haa been extensively tried with the most perfect success in the 

laboratory of the Royal College of Chemistry. The facility of the 
process, it«! rapidity, and the large amount of product it yields in 
most cases, cannot fail nmterially to assist the study of the volatile 
organic bases. 

During these experiments several observations were made* which 
I beg lesve to bring under the notice of the Sodety* 

Whea employing about double the amount of iron which is recom- 
mended by M. fi^hamp (2*5 instrad of 1*2 of iron to 1 put of 

nitrobenzole), Mr. Alfred Noble found that the latter portion of the 
distillate solidified partly in the receiver nnd ]mrtlyin the condenser. 
Washed with hydrochloric acid from adhering aniline, and onoc or 
twice recrystallized from boiling alcohol, the solid matter w n^ ob- 
tained in fine crystals of a yellowish-red colour, and fusing below 
the boiUng-point of water. These crystals possessed all the proper- 
ties of azobenzole, which was moreover identified by combustion. 

0*260 gramme of substance gave 0*755 grm. of carbonic add 
and 0*134 grm. of water. 

The well-established formula of azobenzole, CijH^N, requires the 
following values 



The azobenzole obtained in this manner is so readily purified that 
this process is greatly preferable to the action of alcoholic potassa 
upon nitrobenzole, since tiic latter process simultancoubly produces 
several substances whieb can be separated only with difficulty from 
the azobenzole. 

A portion of the azobenzole obtained in the above process was 
converted by means of sulphuretted hydrogen into benzidine. Of 
the beautifully crystallized compound^ a platinum salt was made 
which was analysed by Mr. Noble. 

0-268 grm. of the salt left OOSS grm. =32' 88 per cent, of 
platinum. The formula C„ N, HCl i Pt CI, requires 33 09 per 
cent, of platinum. 

Bensidine ezhibita n very interesting deportment with nitrous 
add; gently warmed in the gas of this acid, obtained by treatment 
of starch with nitric acid, it gives rise to a powerful reaction. The 
substance assumes an orange-red colour, and exhibits, after treatment 
with water, when recrystallized from alcohol, all the properties of 
azobenzole. 

The reproduction of this body from benzidine was moreover fixed 
in the foDowing numbers : — 



0*215 grm. of substance g»?e 0*623 grm. of carbonic add, and 
O'llS grm. of water. 



Theory. 




BiperimsnA* 
79*12 
6-76 



Carbon 12 

Hydrogen .... 5 
Nitrogen 1 



79-12 
5-49 

15*39 



100*00 
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Theonr. 
(C„H,N). 

Carbon 79' 12 79*02 

Hydrogen 5-49 5-78 
Nitrogen .... 15*39 

100*00 

The aimpIeBt formulae of azobeozole and benzidine only differ hj 
one equivalent of hydrogen,-* 

Azobenzde C,. H, N 

Benzidine Ci^H^N, 

a relation which sufficiently ezplaina the trandbrmation and repn>> 
duction of azobenzole. 

" On the Formation and some of t!ie Properties of Cymidine, the 
Organic Baae of the Cym<de Series." By the Rev. John Barlow, 

F.R.S., Sec. R. Inst. 

The object of thi? memoir is to detnil the process by which an 
organic tia^Cj provisiunully named Ct/miili/ir\ obtMined from the 
hydrocarbou, cyinole, and to describe some of its properties, aud 
eertain pluenomena attending its production. 

The snbstitution-prodoct, nitrocymole, was procured by acting on 
cynudeby strong nitric acid, both liquids being kept at the tempera* 
ture —17^° Cent. (0*^Fahr.). From nitrocymol, cymidine was ob- 
tained by Bcchamp's modification of Zinin's process, and results of 
analyses, made by combustion of the platinum salt, and likcwis-e by 
a silver determination of the hydrochlorate, were found to coincide' 
with the formula Cjq Hjg N. In the formaUon of cymidine a ncutrai 
oil occurred, having the same boiling-point ^ith cymole. Fkom this 
hydrocarbon a suMtttution compound was derived, apparently iso- 
meric with, but possessing a less specific gravity tlian nitrocymole. 
This nitro-compound was also subjected to the process of reduction 
already described, and a basic substance was formed from it, which 
was identified by a platinum determination with cymidine. Some 
qualitative experiment^?, made with cymidine, were also described, 
and the memoir conchnled with the following synoptical table of the 
honiologues of the benzolt' btries. 

Hydrocarbons. Nitro-substanrcs. iiascs. 

Benzole CjjHg Nitrobenzole Cj , NO^ Aniline H; N 
Toluole C..Hg Nitrotoluole Cj^j H- NO^ Toluidinc C,4 N 
Xylde C„H,o Nitroxylole Cj^ H, NO, XyUdine C,eH„N 
Cumole C^g Hj^ Nitrocumole C^^ Hjj NC)^ Cumidine Cj^ Hj., N 
Cymole C,|)H|4 Nitrocjrmole C,0HigNO4 Cymidine C^H^N. 

Letter from Dr. Herapath to Professor Stokes, "On the Com^ 
pounds of Iodine and Strychnine." . 

JoBsSOplSftft. 

Mr D14R SiB. — Will you do me the favour to announce to tbe 

Royal Society, that I have been engaged, daring some months past, 
in investigating the optical and cht mical properties of some crystidHne 
compounds of iodine and strychnine which appear to be stroa(|;ly 
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indicative aud peculiar ? One of these bodies, from the analysis 
hitherto made* would aeem to have e formula not very different from 
the fbUowing, viz. C^H^N^O^+P* and dystailizeB in hexagonal 
priemsy paaring hy the ordinary replacement planes to the acute 
rhombohedron and other forms, all apparently derived horn the 
rhombohedric system ; some of these crystalline forms are very strange 
and unusual. This substance po«<;e«ses '* double a1)'^orption" in a 
very evident degree, and wiieii examined by vertically plane polar- 
ized light, the hexahedral prisms are all obstructive of the polarized 
beam w hen the length of the prisms lies parallel to the plane ot tlie 
incident ray; in this position they appear dark sienna-brown in 
colour; when the long axis of the prisma lies perpendicular to the 
plane of primitive polarization the crystals transmit a lemon-yellow 
tint, passing through greenish yellow to sherry-brown. 

The other substance appears to he the sulphate of iodo-strychnine 
and has a decidedly metallic i^een reflexion, crystallizes in stellate 
aggregations of j^ripms, brilliaiitly green by reflected light, but 
having a deep blood-colour by transmission ; these also possess double 
absorption and are very i)eculiar, as a slight increase in thickness 
readers them wholly impervious to light. 

When these matters have heen more carefully worked out, I hope 
to have the pleasure of communicating the results to the Society: in 
the mean time the present notice will he sufficient for the object in 

I remain, ray dear Sir, 

Yours very truly, 
ProfuBor Sfoibt, P.R.8, W. Bixd HaxAFATB. 

" On the Constitution and Properties of Ozone/' By Thomas 

Andrews M D., F.R.S. 

The contiictmg views which have so long existed as to the true 
constitution of ozone, induced the author tu undertake a careful in- 
vestigation of the subject, particularly as he had reason to doubt the 
accuracy of the only quantitative experiments which have yet been 
made to elucidate tihis difficult question. According to the experi- 
ments referred to^ two suhstances have been confounded under the 
name of ozone, one a compound body having the formula HO3, the 
other an allotropic variety of oxygen. To ascertain whether, in con- 
formity with this statement, ozone obtained in the electrolysis of 
"water rontriins hydrogen as a constituent, the ntithor made two 
series of experiments. In the first series, he followed nearly the 
same method of investigation by which its compound nature is sup- 
posed to have been established, but modified so as to avoid a source 
of error, which, if neglected, vitiates altogether the results. Electro- 
lytic oxygen, nnless very great precautions be taken, is always ac* 
companied by a small but appreciable quantity of carbonic acid, 
which is liable to be partially absorbed by the potassa set free when 
a neutral solution of iodide of potassium is decomposed by ozone. 
By adding a little hydrorhloric acid to the solutif-n of iodide of 
potassiinn before the commencement of each experiment, this error 
may be avoided. 
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The method of perfbrmiog the experiment wee to condnet a stream 

of electrolytic oxyc^cn through a compound apparatus previously 
welgliccl, wiiic-h contained on one side an acid solutioQ of iodide of 
potassium, and on the other sulphuric acid; the former to decompose 
tlie ozone, the latter to prevent the escape of moisture. The increasje 
in weight of this apparatus gave the entire weight of the ozone ; the 
iodine set free, when reduced to its equivalent in oxygen, the wei^ 
of the active oxygen. The precautions to be taken in conducting 
this experiment are fully deeciibed in the communication. 

The following nrv the numerical results of five experiments per- 
formed according to the above method 



VoliUBe of electrolytic Increase in weight of Active oxygen deduced 

oxygen. oompound apparatus. ftom icKiiae iet free, 

litrejj. gnn. gmi. 

10-20 00373 00386 

2*72 00107 00100 

2-86 0-0154 0-0138 

6-45 0*0288 0-0281 

6-80 00251 00273 

Total 0-1179 0-1178 



The agreemeuL lu Ihc&e numbers proves that the active oxygen is 
exactly ec^oal to the entire weight of the oaone, and is therefore iden- 
tical with it. 

In tiie next series of experiments the author shows that no water 
IB produced in the decomposition of electrolytic ozone by heat. 

Large quantities t)f clcrtrolytic oxygen, containing from 38 to 27 
milligrammes of ozone, were decomj)oscd by heat, but no water was 
obtained in a weig'hed ab8or])tion apparatus, in wliich the gas was 
exposed, not only to tlie action of suipluiric acid, but was also passed 
through a tube containmg anhydrous phosphoric acid. 

Having confinned by new experiments the fiact that ozone ia 
formed by the action of the electrical spark on pure and dry oxygen, 
the author proceeds to institute a comparison between the properties 
of ozone derived from different sources. These he finds to be in 
every res])ect the same. TIius ozone, however prepared, is de- 
stroyed, or ratlier converted into ordinary oxygen, by exposure to a 
temperature of about 237 " C, and catalytically, by being pas^sed over 
peroxMe of manganese, no water being fonned in either case ; it is 
not absorbed by water, but when suffidently diluted with other 
gases, is destroyed by agitation with a laige quantity of water ; it ia 
also, contrary to the common statements, destroyed by being egi- 
tntc d with lime-water and baryta- water, pro^^ded a sufficient quan- 
tity of tliose solutions be u«cd ; it has always the same peculiar 
odour; it bleaches without producinf^ previously an acid reaction; 
it oxidizes ia all cabes the same bodies, &c. 

Fkom the whole inyestigation the author dnwa the conduaion, 
'* that oaone, from whatever source derived, ia one and the same 
substance, and is not a compound body, but oxygen in an altered or 
allotropic condition." 
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LX\ . Intelligence and Miscellaneous Articles, 

ON THE HEAT PRODUCED BY THE INPLULNCE OF THE MAONST 
rPON BODI£S IN MOTION. BY M. LEON FOUCAULT. 

IN 1824, Arago observed the remarkable fact of the attraction of 
the magnetic needle by conducting bodies in motion. The phae- 
nomenoQ appeared very singular, and remained without explanation 
until Faraday announced the important discovery of currenttf of in* 
duction. It was then proved, that in Arago's experiments the motion 
gtt^e rise to cttnentB, vbicb, by reacting upon the magnet, tended 
to associate it with the moTeable body and draw it in the same direc- 
tion. It may be said, in general terms, that the magnet and t!ie 
conducting body tend towards a atate of relative repose by a mutual 
influence. 

If. notwithstanding this influence, the motion continue, a certain 
amount of force must be constantly furnished, the moveable part 
be, as it were, pressed by a break, and this force necessarily pro- 
duces « dynamic effect, vbich, accofding to the new doctrines, I 
have thought must be found in heat. 

We arrive at the same consequenoe by taking Into consideration 
the currents of induction which succeed one another in the interior 
of the body in motion ; hut an idea of the quantity of heat produced 
would only be acquirt d with great difficulty hy this mode of regard- 
ing the affair, wliUst by considering tlu:^ iieat as due lu a tiansforma- 
tbn of force, it appeared certain to me that a sennble elevation of 
temperature would be easily produced in a decisive experiment. 
Having ready to my hand all the elements necessary for a prompt 
verification, I proceeded to its execution in the following manner. 

Between the pole* of a strong electro -ma rrnct I partially introduced 
the solid of revolution belonging to the a])}Kkratus Avliich 1 have 
called a gyroscope, and which was previously employed in experi- 
ments of a very different nature. This solid is a ring of bronze con- 
nected by a toothed pinion with an apparatus of wheels, by the action 
of which, when turned by the hand, it may revolve witii a rapidity 
of 150 or 200 tome in a second. To render the action of the mag- 
net more effective, two pieces of soft iron added to the helices pro- 
Ion o-ed the magnetic poles, and concentrated them in the vicinity 
of the revolvlnij: body. 

When the ajjparatus is going with the greatest rapidity, the cur- 
rent of six Bunsen's couples, passed into the electro- magnet, stops 
the movement in a few seconds, as though an invisible bredk had 
been applied to the moving body ; this is Arago's experiment, as de- 
veloped by Faraday. But if the handle be then pushed on, so as to 
restore to the apparatus the movement whicli it has lost, the resist- 
ance experienced require? the application of n certain nmonnt of force, 
the equivalent of which reappears and accumulates m heat in the inte- 
rior of the revolving body. 

By means of a thermometer inserted in the mass we may follow 
the gradual elevation of temperature. Having, for example, taken 

PhU. Mag. 8. 4. Yd. 10. No. 68. Dee. 1855. ^ H 
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the appufttos at the Burrounding temperature of 60°' S F., I saw the 
tfaennometer rise successively to 68^ 77°, 86°. and 93°-2 F. : but 
the phaenomenon had previously become sufficiently developed to 
endcr the eniployment of the therm or neter uxmecessary^ aft the heat 
produced had become sensible by the liand. 

If the exi)eriment appears worthy of interest, it would be easy to 
arrange au appuruLus to reproduce aud cxajjgeratc this phaenomenon. 
There is no doubt that by means of a mac£nie properly constructed* 
and composed only of pemanent magnets, high temperatures might 
be produced* so as to place before the eyes of the public assembled 
in lecture rooms a curious example of the conversion of force into 
hesA^Camptes Rendus, Sept. 17, 18d5» p. 450. 



MKTBOBOLOOICAL BSBBYATIONa F0& OCTOBBK 1855. 

Chiswick. — October 1. Fine: showery: fine. 2. Foggy: clou<ly : foggy : rain. 
3. Dense fog : rain. 4. Densely clouded : heavy rain. 5. Fine : heavy rain. 6. 
Very tine : cloudy : rain. 7. Tine : foggy at lURbt. 8. Rain : very fine. 9. Fogfry : 
very fine. 10. Fine. 11. Rain. 12. Clonay and boistcrons : rain. \:\. Very 
fine. 14. ropijy: cloudy. 15. Dense fog: fine. in. Vt tTline: rain at night, 
17. Rain, with fog. 18. Ov^cast : fine. 19. Light clouds and fine. 20. Fine : 
doiidy : fine. 21. Cloiidy. 22. Foggy : very fine : doady. 23. Foggy : muformly 
OTCrcast. 24. Fine : clear : fine. 25. Cloudy and boisterous. 26. Very boisterous : 



overcast : fine. 27. Exceedingly fine. 2B. Very clear : fine. 29. Rain « diisslj. 
30. Constant heavy rain. 31. Rain : cloudy : rain at night. 

Mean temperature of the moirfih 5€^^ 

Mean temperature of Oct. 1854 48 '20 

Mean temperature of Oct. for the la.st twenty-nine years ... 50 '00 
Average amount of rain in Oct 2 G8G inches. 



Botton, — Oct. 1. Cloudy. 2. Cloudy : rain a.m. 3. Cloudy. 4. Haiu a.m. and 
beavytliUBder-stonD. 5. Fine: rain p.m. 6. Fine. 7. Cloudy ; rain a.m. 
8. Foggy. 9. Cloudy : rain P.M. 10. Fine. II. Rain a.m. m l p.m. 12. Qoady. 
13. Fine. 14. Cloudy. 15. Foggy : rain p.m. 16. Fine. 1 7. Clomly r rain a.m. 

18. Fine. 19. Cloudy : rain r.M. 20. Fine. 21. Cloudy : rain p.m. 22. Cloudy. 
23. Cloudy : nia a.m. and p.k. 24. Fine. 25. Cloody. 26» 27. Bain A.aa. and 
tM, 28. Rne. 29. Foggy : rain am. and p.m. 30» 31. Bain aji. and p.ai. 

Samiwldt Mmm^ Ohbuy.— Oet. 1. Fog a.m. : dear p.m* 2. DriBle a.m. x 
damp P.M. 3: Showers a.m. : rain p.m. I. Rain A.M. and PJi. 5. Clear A.ai. 

and P.M. 6. Bright a.m. : cloudy p.m. 7. Rain a.m. and p.m. 8. Hazy a : 
drizzle p.m. 9. Cloudy a.m. : slcct-^owcrs, aurora p.m. 10. Clinidy a.m. : 
dry; rain v.m. 11. Sbowen a.m. and p.m. 12. Showera a.m. : dear wm. IS. 
Fine a.m. : clear, fine, aurora r.M. M. Fine, hoar-fro.st a.m.: clear, fine, aurora 
P.M. 15. Fine, frost A.M. : clear, tine p.m. 1G. Sleet-showers a.m. : clear p.m. 
17. Showers a.m. : rain p.m. 18. Show ers a.m. : bleet-bhowers, aurora cm. 

19. Dropt A.M. : clear, finap.H. 20. Rain a.m. : driaile p.m. 21. Showera a.m. : 
clear P.M. 22. Cloudy a.m. and p.m. 23. Rain a.m.: slcet-showrr^ r m. 24. 
Uail-sbowers a.m. : sleet- showers p.m. 25, 26* Rain a.m. : showers p.m. 27. 
Snow^ahowera a.m. : elear, aurora p.m. 28. Clear, ftoat a.m. and p.m. Ckmdy 
A.M. : hazy p.m. 30. Bright a.m. : clear p.m. 31. Bright A.1I. : doudy FJi. 

MeaTi to!nj>erature of Oct. for twcnty-cight previoos yeara ... 47''&4 

Mean icmpcrature of this month 45 *72 

Mean terojierature of Oct. 1854 46 *39 

Averago quantity of rain In Oct. for fifteen previona years ... 5HI8 inches. 
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